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1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the Intemational Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
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For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 
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1 . This International preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
{see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 7 sheets. 




3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 
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li. . ERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CAOO/00779 



I. Basis f the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as ''originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 

1 -40 as originally filed 

Claims, No.: 

1 -44 as received on 26/09/2001 with letter of 26/09/2001 

Drawings, sheets: 

1/22-22/22 as originally filed 

2. With regard to the language, all the elements marked above were available or fumished to this Authority in the 
language in which the intemational application was filed, unless otherwise indicated under this item. 

These elements were available or fumished to this Authority in the following language; . which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable form. 

□ fumished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted In the cancellation of: 

□ the description. pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 
see separate sheet 



III. Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application. 
B claims Nos. 33-35 (lA), 36. 

because: 

S the said international application, or the said claims Nos. 33-35 relate to the following subject matter which 
does not require an international preliminary examination {specify): 
see separate sheet 

S the description, claims or drawings {indicate particular elements t^loW^ or said claims Nos. 36 are so unclear 
that no meaningful opinion could be formed {specif^): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence fisting to comply with the standard provided for in Annex C of the Administrative 
Instructions: 



□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes:. Claims 49 
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No: 



Claims 



1-35, 37-48 



Inventive step (IS) 



Yes 



Claims 



No: Claims 1-35.37-49 

Industrial applicability (lA) Yes: Claims 1-32,37-49 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 3) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/CAOO/00779 

EXAMINATION REPORT - SEPARATE SHEET 



Re It ml 

Basis of the opinion 

The Applicant has filed a new set of claims 1-44. However, the Applicant failed to 
indicate the differences between the replaced sheets and replacement sheets (see 
Rule 66.8 (a)PCT second sentence). Furthermore, it is not apparent from which part of 
the specification the new combinations of features are derived from (Article 34 (1)(b) 
PCX second sentence) and the Applicant has not indicated any basiis for the 
amendments In the specification as originally filed. Therefore, the Examination report 
will be based on the claims as originally filed. 

Re Item ill 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claims 33-35 relate to subject-matter considered by this Authority to be covered by th 
provisions of Rule 67.1(jv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of these claims (Article 
34(4)(a)(i) PCT). 

The dependency of claim 36 is obscure. 
Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1: WO 96 03117 A (UNIVERSITY OF PENNSYLVANIA) 8 February 1996 
(1996-02-08) 

D2: WO 99 07777 A (US BIOMATERIALS CORP.,U.S.A.) 1 8 February 1999 
(1999-02-18) 

D3: W0 96 21628 A(M.BRINKETAL) 18 July 1996(1996-07-18) 

D4: EP-A-0 071 704 (ROHM GMBH, DE) 16 February 1983 (1983-02-16) 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY international application No. PCT/CAOO/00779 
EXAMINATION REPORT - SEPARATE SHEET 



The subject-matter of present claims 1,2, 14, 23, 33, 37, and 44 is already known from 
either of documents D1, D2, D3 or D4 in addition to the citations indicated in the search 
report, see in particular D1, page 20, lines 18-26 and 33-36 or D2, page 9, lines 1 1-20; 
D3, page 23, first paragraph -page 24, first paragraph, and D4, page 26, second and 
third paragraph. Thus, the present application does not satisfy the criterion set forth in 
Articles 33(2) and (3) PCT because the subject-matter of claims 1,2, 14, 23, 33, 37 and 
44 is not novel or inventive. 

Dependent claims 3-13, 15-22, 24-32, 34, 35, 38-43 and 45-48 do not appear to 
contain any additional features which, in combination with the features of the claims to 
which they refer, could be regarded as novel or inventive in view of the prior art cited in 
the International Search Report. 

Likewise, the subject-matter of claim 49 lacks an inventive step in view of the fact that 
the materials mentioned in claim 1 would also comprise chromatography media (Article 
33(3) PCT). 

Re Item Vtl 

Certain defects in the international application 

Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D4 is not mentioned in the description, nor are these 
documents identified therein. 
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WE CLAIM: 



1. A carrier comprising a matrix of inorganic, organic or organic and 
inorganic material and containing a biomolecular interaction 

5 entrapped within the matrix, wherein the biomoiecular interaction 

comprises two entities that can be reversibly dissociated from the 
other, 

2. The carrier of claim 1 wherein the entities of the biomolecular 
interaction can under denaturing conditions be reversibly 

10 dissociated within the matrix and wherein the matrix in the 

denaturing conditions inhibits aggregation of the entities. 

3. The carrier of claim 2 wherein the pore size of the carrier is 
selected as to inhibit leaching out of the biomolecular interaction or 
entities thereof. 

15 4. The camer of claim 3 wherein pore size of the carrier is selected to 
enable potential modulators of the biomolecular Interaction to pass 
in and out of the matrix. 

5. The cam'er according to claim 1 wherein the carrier comprises a 
silica based glass. 

20 6. The carrier according to any one of claims 1 to 5 wherein the 
material is a silicon, titanium, vanadium or cerium-based metal 
alkoxide. alkylated metal alkoxide or otherwise functionalized metal 
alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor. 

25 7. The carrier according to any one of claims 1-5 derived by a sol-gei 
processing method. 

8. The carrier according to any one of claims 1-6 wherein the 
bimolecuiar interaction is bioactive. 
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9- The carrier according to claim 7 or 8 pre-treated to contain 
components found in an animal fluid. 

10. The carrier according to claim 9 wherein the pre-treatment is by 
immersion in a solution containing components found in an animal 

5 fluid for a period of up to about seven days prior to use. 

11. The carrier according to claim 10 wherein the animal fluid is 
interstitial fluid. 

12. The carrier according to any one of claims 7-11 wherein the carrier 
is synthesized under sterile conditions or sterilized subsequent to 

10 synthesis using conventional sterilization methods. 

13. A method for preparing a carrier having a biomolecular interaction 
incorporated within the carrier that can be reversibly denatured 
therein, and wherein the matrix inhibits aggregation of the entities 
of the denatured biomolecular interaction under denaturing 

15 condftions comprising: 

(a) reacting a reactant comprising a functionalized metal 
alkoxide or a corresponding or other silicate precursor with water; 

(b) adjusting the pH to a value between 4 and 10 either before 
or during the addition of an aqueous solution containing a 

20 biomolecular interaction to provide a mixture; 

(c) casting the mixture; 

(d) allowing the mixture to gel and age; and 

(e) partially drying the aged gel. 

14. The method according to claim 13 wherein the reaction occurs 
25 alone or as mixtures of more than one reactant where the reactant 

is a silicon, titanium, vanadium or cerium-based metal alkoxide, 
alkylated metal alkoxide or otherwise functionalized metal alkoxide. 
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15. The method accordrng to claim 14 wherein the functionalized metal 
alkoxide is aminopropyl triethoxysllane. 

16. The method according to claim 13 wherein the corresponding 
functionalized metal alKoxide is metal chloride, silazane, or 

5 polyglycerylsilicate. 

17. The method according to any one of claims 13-16 wherein the 
reacting occurs in an acidic or basic aqueous medium. 

18. The method according to any one of claims 13-17 wherein the 
reactant and water are in a molar ratio of from about 1 ;1 to about 

10 20:1 water/reactant. 

19. The method according to any one of daims 13-18 wherein the 
casting of the mixture is in a mold, a column, a microtiter well, a 
spot on a surface by pin spotting, inkjet deposition or screen 
printing; or a film on a surface by dipcasting. spin-casting or 

15 spraying. 

20. The method according to anyone of claims 13-19 wherein the gel 
and aging Is at temperatures from at>out 0*C up to about 40*C. 

21. The method according to anyone of claims 13-20 wherein the 
partial drying is at temperatures from about 4° to about 40^C. 

20 22. A method for the preparation of a carrier having a bioactive 
biomolecular interaction incorporated in the carrier that can be 
reversibly denatured in the carrier under suitable conditions 
comprising: 

(a) incorporating the bioactive biomolecular interaction in the 
25 carrier; 

(b) hydrolysis and polycondensation of at least one monomer to 
provide a solid matrix bonding the bioactive biomolecular 
interaction which is incorporated in the carrier; and 
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(c) imparting mechanical, chemical and thenmal stability in the 
matrix. 

23. The method according to claim 22 wherein the at least one 
monomer is a functionaiized or non-functionaiized alkoxysilane; 
5 functionaiized or non-functionalized bis-silane; functionaiized or 

non-functionalrzed chlorosilane; sugar, polymer, polyol or amino 
acid substituted silicate; or additives selected from any available 
organic polymer, polyeiectrolyte, sugar (natural or synthetic) or 
amino acids (natural and non-natural). 

10 24. The method according to claim 23 wherein the monomer is based 
on titanium, vanadium or cerium. 

25. The method according to anyone of claims 22-24 wherein 
mechanical, chemical and thermal stability is imparted by 
combination of precursors and additives. 

15 26. The methqd according to anyone of claims 22-24 wherein 
mechanical, chemical and thermal stability is imparted by choice of 
aging and drying methods. 

27. The method according to anyone of claims 22-24 wherein 
mechanical, chemical and thermal stability is imparted by 

20 combination of precursors and additives, and by choice of aging 

and drying methods. 

28. The method according to any one of claims 22-27 wherein the 
carrier comprises a silica based glass. 

29. The method according to any one of claims 22-28 wherein the 
25 carrier comprises a silicon, titanium, vanadium or cerium-based 

metal alkoxide. alkylated metai alkoxide or otherwise functionaiized 
metal alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor. 
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30. The method according to any one of claims 22-28 wherein the 
earner is derived by a sol-gel processing method, 

31. The method according to anyone of claims 22-30 wherein the 
carrier is a earner according to claim 8. 

32. A method for screening a compound to determine the degree of 
inhibition or binding of a blomolecular Interaction by the connpound 
comprising contacting the compound to be tested with the 
components of a biomolecular interaction that are incorporated 
within a carrier and are capable of forming a biomolecular 
interaction in the carrier, and wherein inhibition of the formation of 
the biomolecular interaction or binding by the compound causes a 
change In the amount of a detectable signal produced by the 
molecules of the interaction of by one or more labels at or near the 
site of interaction of the molecules. 

33. The method according to claim 32 wherein the biomolecular 
interaction is incorporated within the carrier as in any one of claims 
1 to 12. 

34. The method according to claim 32 wherein the carrier comprises a 
silica based glass. 

35. The method according to any one of claims 32 or 34 wherein the 
carrier is prepared from a silicon, titanium, vanadium or cerium- 
based metal alkoxide, alkylated metal alkoxide or otherwise 
functionalized metal alkoxide or a corresponding metal chloride, 
sllazane. polyglycerylsilicate or other silicate precursor . 

36. The method according to any one of claims 32-35 wherein the 
earner Is derived by a sol-gel processing method. 

37. The method according to anyone of claims 32-36 wherein the 
biomolecular interaction is bioactivo. 
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The method of high through put screening for a substance which 
inhibits or binds a biomolecular interaction, comprising the steps of: 

(a) incorporating a bimolecular interaction within a carrier; 

(b) forming an array of sol-gel derived spots on a support 
wherein each spot contains a biomolecular Interaction; 

(c) measuring a original signal from the biomolecular interaction 
in the absence of any other substances; 

(d) reverslbly disrupting the biomolecular interaction such that 
the signal is detectably altered; 

(e) adding the substance to the bimolecular interaction in the 
carrier, and reversing the disruption; and 

(f) measuring the signal; 

where the original signal is not recovered, the substance is 
determined to bind or inhibit the bimolecular interaction. 

A method according to claim 38 wherein the signal is excited by a 
He-Cd laser through an optical fiber or by a nitrogen laser through 
a bifurcated optical fiber. 

The method according to claim 39 wherein the signal is detected 
through the same fiber. 

The method according to claim 40 wherein the -signal is detected in 
a time-gated or time resolved mode. 

The method of detecting signals generated by an array according 
to any one of claims 38-41 wherein the signal Is exdted by a laser, 
lamp or light emitting diode, either directly or through an optical 
fiber, and fluorescence is detected using a CCD camera. 
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43. A method of normal or frontal affinity chromatography for pre- 
screening a substance for binding or inhibiting a bimolecuiar 
interaction comprising: 

incorporating a blomolecular interaction or individual protein 
5 partners within a carrier; 

placing said carrier in a column; 

adding a denaturant; . 

passing said substance including an indicator ligand through the 
column in conjunction with removal of the denaturant; and 

10 detenmination of retention behaviour by fluorescence or mass 

spectrometry. 

44, The use of the carrier of any one of claims 1 to 12 to conduct the 
method of any one of claims 32 - 43. 
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Applicant's or agent's file reference 
571-649 



International application No. 
PCT/CAOO/00779 



FOR FURTHER ACTION 



See Notification of Transmittal of International 
Preliminary Examination Report (Form PCT/IPEA/416) 



International filing date (day/month/year) 
23/06/2000 



Priority date (day/month/year) 
24/06/1999 



Internationa! Patent Classification (IPC) or national classification and IPC 
G01N33/543 



Applicant 

MC MASTER UNIVERSITY et al 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

S This report Is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 7 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 

VIII □ Certain observations on the international application 



II 


□ 


III 




IV 


□ 


V 




VI 


n 


VII 




VIII 


□ 



Date of submission of the demand 
09/11/2000 



Date of completion of this report 
12.10.2001 



Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Linker, W 

Telephone No. +49 89 2399 8703 




Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CAOO/00779 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1-40 as originally filed 

Claims, No.: 

1-44 as received on 26/09/2001 with letter of 26/09/2001 

Drawings, sheets: 

1 /22-22/22 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/I PEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 
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International application No. PCT/CAOO/00779 



□ 



the drawings, 



sheets: 



5. S This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 
see separate sheet 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed Invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
S claims Nos. 33-35 (lA), 36. 



S the said international application, or the said claims Nos. 33-35 relate to the following subject matter which 
does not require an international preliminary examination {specify): 
see separate sheet 

S the description, claims or drawings {indicate particular elements beloW^ or said claims Nos. 36 are so unclear 
that no meaningful opinion could be formed {specif^): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed; 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because; 



1. Statement 



Novelty (N) 



Yes: 



Claims 49 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CAOO/00779 



No: 



Claims 



1-35, 37-48 



Inventive step (IS) 



Yes 



Claims 



No: Claims 1-35, 37-49 

Industrial applicability (lA) Yes: Claims 1-32,37-49 

No: Claims 

2. Citations and explanations 
see separate sheet 

VII. Certain defects In the International application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/CAOO/00779 

EXAMINATION REPORT - SEPARATE SHEET 



R Item I 

Basis of the opinion 

The Applicant has filed a new set of claims 1-44. However, the Applicant failed to 
indicate the differences between the replaced sheets and replacement sheets (see 
Rule 66.8 (a)PCT second sentence). Furthermore, it Is not apparent from which part of 
the specification the new combinations of features are derived from (Article 34 (1)(b) 
PCT second sentence) and the Applicant has not indicated any basis for the 
amendments in the specification as originally filed. Therefore, the Examination report 
will be based on the claims as originally filed. 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claims 33-35 relate to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of these claims (Article 
34(4)(a)(i) PCT). 

The dependency of claim 36 is obscure. 
Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1 : WO 96 0311 7 A (UNIVERSITY OF PENNSYLVANIA) 8 February 1 996 
(1996-02-08) 

D2: WO 99 07777 A (US BIOMATERIALS CORP.,U.S.A.) 18 February 1999 
(1999-02-18) 

D3: WO 96 21628 A (M.BRINK ET AL.) 18 July 1996 (1996-07-18) 

D4: EP-A-0 071 704 (ROHM GMBH,DE) 16 February 1983 (1983-02-16) 
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INTERNATIONAL PRELIMINARY International application No. PCT/CAOO/00779 

EXAMINATION REPORT - SEPARATE SHEET 



The subject-matter of present claims 1,2, 14, 23. 33, 37, and 44 Is already known from 
either of documents D1 , D2, D3 or D4 in addition to the citations indicated in the search 
report, see in particular D1, page 20, lines 18-26 and 33-36 or D2, page 9, lines 11-20; 
D3, page 23, first paragraph-page 24, first paragraph, and D4, page 26, second and 
third paragraph. Thus, the present application does not satisfy the criterion set forth in 
Articles 33(2) and (3) PCT because the subject-matter of claims 1.2, 14. 23, 33, 37 and 
44 is not novel or inventive. 

Dependent claims 3-13, 15-22, 24-32, 34, 35, 38-43 and 45-48 do not appear to 
contain any additional features which, in combination with the features of the claims to 
which they refer, could be regarded as novel or inventive in view of the prior art cited in 
the International Search Report. 

Likewise, the subject-matter of claim 49 lacks an inventive step in view of the fact that 
the materials mentioned in claim 1 would also comprise chromatography media (Article 
33(3) PCT). 

Re Item VII 

Certain defects in the international application 

Contrary to the requirements of Rule 5.1(a)(ii) PCT. the relevant background art 
disclosed in the documents D1-D4 is not mentioned in the description, nor are these 
documents identified therein. 
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>i^NT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agenf s file reference 
571-649 


FOR FURTHER Notification of Transmittal of International Search Report 
_ _ (Form PCT/ISA/220) as well as, where applicable, item 5 below. 
ACTION 


international application No. 
PCT/CA 00/00779 


International filing date (day/month/year) 

23/06/2000 


(Earliest) Priority Date (day/month/year) 

24/06/1999 


Applicant 

MC MASTER UNIVERSITY 



This tnternational Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the internationat application in the 
language in which it was filed, unless otherwise indicated under this item. 

rn the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
I I contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequenOy to this Authority in written form. 

furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form Is identical to the written sequence listing has been 
furnished 



.2. 
3. 



pr| Certain claims were found unsearchable (See Box I). 
I I Unity of invention is lacking (see Box II). 



4. With regard to the title, 

[X] the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

PT] the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

I I as suggested by the applicant [X] None of the figures. 

I I because the applicant failed to suggest a figure. 
| ~| because this figure better characterizes the invention. 
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NAL SEARCH REPORT 



Intel 
PC 



Application No 

00/00779 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N33/543 A61K9/14 A61K9/16 A61K9/20 



According to international Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 GOIN A61K 



Documentation searctied other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 96 03117 A (UNIVERSITY OF PENNSYLVANIA) 
8 February 1996 (1996-02-08) 



cl aims 

1-5,8,10,1 3-23 , 26-33 , 36-39 , 42-46 , 48-52 , 74- 
79,81-83 



1-15, 
17-24, 
26-33, 
35,36 



claims 


85-92,95- 


■97,100 






page 


9, 


line 4 - 


line 32 






page 


11, 


line 1 - 


- line 13 






page 


12, 


line 28 


- line 33 






page 


13, 


line 3 - 


■ line 17 






page 


14, 


line 35 


-page 15, 


1 ine 


2 


page 


15, 


line 14 


- line 18 






page 


16, 


line 8 








page 


16, 


line 29 


-page 17, 


1 ine 


3 


page 


17, 


line 27 


- line 35 






page 


18, 


line 1 - 


■ line 3 






page 


18, 


line 25 


- line 28 







-/-- 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
'E' earlier document but published on or after the international 

filing date 

■L" document which may throw doubts on priority claim (s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the intemational filing date but 
later than the priority date claimed 



*T* tater document published after the intemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance; the claimed invention 

cannot t>e considered to involve an inventive step when the 
document is combined with one or more other such docu- 
n^nts, such combination being obvious to a person skilled 
in the art. 

'&■ document member of the same patent family 



Date of the actual completion of the international search 



23 January 2001 



Date of mailing of the international search report 



30/01/2001 



Name and mailing address of the ISA 

European Patent Office, P. B. 5818 Patent laan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+3 1 -70) 340-30 1 6 



Authorized officer 



Scarponi , U 
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examples 9,16 
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REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



For receiving Office use only 



, PCT/ CA 0 0/00 779 

International Application No. ^ . 



E 5 JUNE 

International Hling Date 



eooo('g3, 06VOO^ 



Name of receiving Office and "PCT Intemauonal Application" 



Applicant's or agent's file reference 

(if desired} (12 characten maximum) 571*649 



Box No. I TITLE OF INVENTION 
INCORPORATION AND APPLICATIONS OF BIOMO 


LECULAR INTERACTIONS WITHIN A CARRIER 


Box No. n APPUCANT 


Name and address: (Family name followed by given name: for a legal entity, fitU cffidal designation. 
The address must include postal code and rutme 0 country. The country cf the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State cf residence is indicated below.) 

McMASTER UNIVERSITY 
1200 Main Street 
Health Science Centre 
Room 3N43 
Hamilton, Ontario 
L8N3Z5 Canada 


[ 1 This person is also inventor. 


Telephone No. 


Facsimile No. 


Teleprinter No. 


State (that is. country) of nationality: 

CA 


State (that is. country) of residence: 


This person is applicant l i al) designated rsi all designated States except l — i tbc United States i — i the States indicated in 
for the purposes of: I | States [Aj the United States of Amenca | | of America only 1 1 dte Supplem«SlBo" 


Box No. in FURTHER APPLJCANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address. (Family mime followed by given name: for a legal entity, fiUl official designation. 
Vie address must mclude postal code and name ^country. The country of the address indicated in this 
Box IS the applicant s State (dun is. country) of residence ^ no Suite (^residence is indicated below.) 

BRENNAN, John D, 

203 Pleasant Ave. 

Dundas, Ontario 

L9H3V5 Canada 


This person is: 

( 1 applicant only 

|X| ^plicant and inventor 

1 i inventor only (If this dieck-box 
' is mariced do na fill in beUm'.) 


State (that is.country) of nationality: 

CA 


State (that is, country) of residence: 

CA 


S^r fh"^"^! applicant |— I an designated 1 1 all designated States except ryl »he United Slates |—| the States indicated in 

for the purposes of: 1 1 States 1 1 the United States of AmeiVca liLl of America only | | the Supptcmenlal Bot 


[Xj Further applicants and/or (fiinher) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person Identified below is hereby/has been appointed to act on behalf rrri . i 1 

of the applicant<s) before the competent IntemaUonal AuthoriUes as: l*J 1 1 common representative 


N ame and address: (Fanufy name followed by given name: for a legal entin\full official designation. 
The address must include postal code and name of country. ) 

Bereskin & Parr 
40 King Street West 
40th Floor 
Toronto, Ontario 
M5H 3Y2 Canada 


Telephone No. 
416-364-7311 


Facsimile No. 

416-361-1398 


Teleprinter No. 


1 1 ^^'^i!?'' «o"*sp?n<»ence: Mark this check-box where no agent or common representative is/has been appointed and the 
I — 1 space above is used instead to indicate a special address to which correspondence Should be sent PPO'nieo ana ine 



PCT/GA /00 779 

Sheet No. 



ConUnuaUon of Box No. Ill FURTHER APPLICANTS AND/OR (FURTHER) INVENTORS 


If none ofthefoUowing sub-boxes is used^ this sheet should not be included in the request. 


Name and address: (Family name /allowed by given name: for a legal entity, fuU offidal designation. 
The address must include postal code and name of country. The couiSry of the address indicated in this 
Box is the applicant's Slate (that is. country) of residence if no State of residence is indicated below.) 

HOGUE, Christopher V.W. 
2372 Eden Valley Dr. 
Oakville. Ontario 
L6H6K9 Canada 


This person is: 

1 1 applicant only 

jy 1 applicant and inventor 

1 1 inventor only (If this check-box 
— is marked, do not fill in below.) 


State (that is, country) of nationality: 

CA 


Stale (that is, country) of residence: 

CA 


This person is applicant r^l all designated | 1 all designated States except r rSfV*^ United States f~~n the States indicated in 

for the purposes of: lAJ States 1 1 the United Sutes of Amenca L^CJl)f America only 1 1 the Supplemental Box 


Name and address: (Family name followed by given name^fora legal entity, fidl official designation. 
Vie address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is. country) of residence if no State cf residence is indicated below.) 


This person is: 

j 1 applicant only 

1 [ applicant and inventor 

1 1 inventor only (If this check-box 
' is ausTked, do not fill in below.) 


State (that is, country) of nationality: 


Stale (that is. country) of residence: 


This person is applicant l l all designated | 1 all designated States except I— | die United States 1 1 the States indicated in ' 

for the purposes of: 1 i States I 1 the United States of Amenca 1 1 of America only 1 1 the Suf^lemental Box 


Name and address: ( Family name followed by given name;_for a legal entity, fidl offidal designation. 
The address must include postal code and name of country. The country of the address indicate in this 
Box is the applicant's State (that is. country) of residence if no State of resUknce is indicated below.) 


This person is: 

1 1 applicant only 

1 1 applicant and inventor 

1 I inventor only (If this check-box 
is marked, do not fill in below.) 


State (that is, country) of nationality: 


Stale (that is, country) of residence: 


This person is applicant i i all designated 1 1 all designated States except i 1 the United States i— i the Stales indicated in 

for the purposes of: I | States 1 1 the United States of Amenca | | of America only | | the Supplemental Box 


Name and address: (Family rmme followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The count rt- of the address indicate in this 
Box is the applicant's State (that is. country) of residence if no Stale of res'uieruie is indicated behw.) 


This person is: 

1 1 applicant only 

1 [ applicant and inventor 

1 1 inventor only (// this check-box 
is marked do not fill in below.) 


State (that is. country) of nationality: 


Stale (that is. courary) of residence: 


This person is applicant l l all designated i 1 all designated States except 1 1 the Untied States r— i the States indicated in 

for the purposes of: I 1 Sutes | j ihe United States of Amenca L 1 of America only 1 | the Supplemental Box 


1 1 Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Form PCT/RO/10 1 (continuation sheet) (July 1998; reprint July 1999) 5ee Notes to the request form 



Sheet No. 



PCT/ CA 



/00779 



.s. No-V 



DESIGNATION OF STATES 



The following designations arc hereby made under Rule 4.9(a) (mc^k the applicable cheek-boxes; at least one must be marked). 
Regional Patent 

H AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, Ixsotho, MW Malawi, SD Sudan, SL Sierra Leone, SZ Swaziland, 
UC Uganda, ZW Zimbabwe, and any other State which is a Contracting State of the Harare Protocol and of the PCT 

0 EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of 
Moldova, RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State 
of the Eurasian Patent Convention and of the PCT 

E EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, ITItaly, LU Luxembourg, 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European 
Patent Convention and of the PCT 

0 OA OAPI Patent: BF Burkina Faso.BJ Benin, GF Central African Republic, CG Congo, CI Cote d'lvoire, CM Cameroon, 
GA Gabon. GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad.TG Togo, and 
any other State which is a member State of OAPI and a Contracting State of the PCT Ctfotherldnd<f protection or treatnietTt 

desired. ^)edjy on ckmed line) 

National Patent (if other kind of protection or treatment desred, spec^ on dotted hne/. 
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AE United Arab Emirates 

AL Albania 

AM Armenia 

AT Austria 
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Azerbaijan 

Bosnia and Herzegovina 

Barbados 
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Brazil 

Belarus 

Canada 

CH and LI Switzerland and Liechtenstein 

CN China 
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Denmark 
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Spain 

Finland 
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GM Gambia 

HR Croatia 
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K>'rgyzstan 



[E LR Liberia 

12] LS Lesotho 

12] LT Lithuania 

13 LU Luxembourg 

la LV Latvia 

H MD Republic of Moldova 

0 MG Madagascar 

E] MK The former Yugoslav Republic of Macedonia 

[£] MN Mongolia 

E MW Malawi 

H MX Mexico 

SI NO Norway 

eg NZ New Zealand 

H PL Poland 

B PT Portugal 

RO Romania 

E RU Russian Federation 

E SD Sudan 

Bl SE Sweden 

SG Singapore 

H SI Slovenia 

S SK Slovakia 

n?l SL Sierra Leone 
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B TM Turkmenistan 

E TR Turkey 

E TT Trinidad and Tobago 
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KP Democratic People's Republic of Korea 



KR 
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Republic of Korea 

Kazakhstan 
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UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZA South Africa 

ZW Zimbabwe 

Check-boxes reserved for designating States which have 
become party to the PCT after issuance of this sheet: 

pgj CR: Costa Rica gj* MA: Morocco 

DM: Dominica gj^ 



TZ: TANZANIA 



Prccautionarj- Designation Statement: In addition to the designations made above, the applicant also makes under Rule4.9(b) all other 
designations which would be permitted under the PCT except any dcsignation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations arc subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn bythc applicant 
at the expiration of that time limit. (Con^mtaa'cm of a designation consists of the filing of a notice specifying that designation and the patient of 
the designation and confirmation fees. Confirmation must reach the receiving Office within the 15-month time limit.) 
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national application: 
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regional application:* 
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international application: 
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26 May 2000 
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I I Further priority claims are indrcmed in the Supplemental Box. 
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Title: Incorporati n And Applications Of Biom lecular Interactions Within A^ 
Carrier 

FIELD OF THE INVENTION 

The present invention is in the field of molecular interactions and is concerned 
with a means for containing such interactions, more particularly it relates to one or 
more biomolecular interactions within a carrier, methods for incorporating 
biomolecular interactions within a carrier, and uses of the biomolecular interactions 
within a carrier. 

BACKGROUND OF THE INVENTION 

Cells organize and regulate their growth, metabolism, differentiation and 
survival based, in large part, on external cues or signals such as hormones, growth 
factors, or molecules presented by neighbouring cells or the external environment. 
Interactions of proteins with ligands such as other proteins, phospholipids and nucleic 
acids mediate the internal responses to these external signals. Proteins that regulate 
intracellular function are generally, but not always, composed of modular domains that 
regulate protein-protein, protein-phospholipid, and protein-nucleic acid interactions. 

A protein modular domain is a sequence of about 50 to 100 amino acids 
characterized by an ability to fold into the appropriate three-dimensional structure, and 
to retain its intermolecular binding properties, even in the absence of additional linked 
polypeptide sequences. A large number of protein modules have been identified. For 
example, protein modules have been identified that are involved with (i) cellular 
functions that control cell growth, or induce cell death or inflammation; (ii) the 
development of the cytoskeleton; (iii) the intracellular anti-microbial machinery of the 
cell; and (iv) transcriptional assembly. 

With the increasing discovery of new protein-protein interactions there is a need 
for assays to analyze the interactions and identify modulators of the interactions. 
However, interacting protein domains are inherently difficult to assay. For example, the 
identification of inhibitors of an interaction may require a thermodynamically 
unfavorable simation wherein a weakly binding compound must disrupt and then binds 
to the interface between two tightly bound protein monomers. Therefore, there is a need 
for effective methods for assaying biomolecular interactions and for identifying 
substances that modulate the interactions. 
SUMMARY OF THF INVENTION 
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The present invention contemplates a biomolecular interaction physically 
entrapped or covalently attached within a carrier, preferably a solid carrier. 

The invention also contemplates a solid support for a biomolecular interaction 
comprising silica based glass or a hybrid organic-inorganic glass matrix or an organic 
glass matrix (collectively referred to as a silica based glass) having a biomolecular 
interaction incorporated within the matrix, either by physical entrapment or covalent 
attachment. 

Accordingly , in one embodiment the present invention provides a carrier for 
containing a biomolecular interaction, said carrier comprising inorganic, organic or 
organic and inorganic material, preferably the biomolecular interaction is incorporated 
within a matrix of the carrier. 

According to another embodiment the present invention provides a carrier 
containing a biomolecular interaction, said earner comprising morganic, organic or 
organic and inorganic material, preferably the biomolecular interaction is incorporated 
within a matrix of the carrier, more preferably the carrier comprises a silica based glass. 

According to another embodiment the material of a carrier according to the 
invention is a silicon, titanium, vanadium or cerium-based metal alkoxide, alkylated 
metal alkoxide or othenvise functionalized metal alkoxide or a corresponding metal 
chloride, silazane, polygiycerylsilicate or other silicate precursor. Preferably the carrier 
is derived by a sol-gel processing method. 

According to another embodiment the present invention provides a carrier 
containing a biomolecular interaction wherein the bimolecular interaction is bioactive. 
According to another embodiment the carrier is also bioactive, preferably either 
bioactive form is pre-treated to contain components found in an animal fluid, 
preferably the pre-treatment is by immersion in a solution containing components 
found in an animal fluid for a period of up to about seven days prior to use. According 
to one embodiment of this aspect of the invention the animal fluid is interstitial fluid. 
Preferably such carrier is synthesized under sterile conditions or sterilized subsequem 
to synthesis using conventional sterilization methods. 

In another embodiment of this bioactive aspect of the bimolecular interaction, 
where the carrier may also be bioactive, the carrier provides controlled release of the 
biologically active biomolecular interaction over lime. 

In another aspect, the invention relates to a carrier containing reactive 
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functional groups that can covalently bond to reactive groups of the biomolecular 
interaction to form a permanent anchor to prevent leaching of the interaction. In an 
embodiment, aminopropyltriethoxysilane may be incorporated into the glass as a silane 
precursor, activated with glutaraldehyde and allowed to react with the amino groups of 
lysine residues within the protein to form amide bonds between the carrier and the 
protein. Many other reactions can also be done, and would be obvious to someone 
skilled in the art. 

In another aspect of the invention there are provided methods of preparing the 
carrier and the bimolecular interaction incorporated in the carrier. 

According to one embodiment of this aspect of the invention there is provided 
a method for preparing a carrier having a biomolecular interaction incorporated within 
the carrier comprising: 

(a) reacting a reactant comprising a fimctionalized metal alkoxide or a 
corresponding or other silicate precursor with water; 

(b) adjusting the pH to a value between 4 and 10 either before or during 
the addition of an aqueous solution containing a biomolecular interaction to provide a 
mixture; 

(c) casting the mixture; 

(d) allowing the mixture to gel and age; and 

(e) partially drying the aged gel. 

Preferably the reaction occurs alone or as mixtures of more than one reactant where the 
reactant is a silicon, titanium, vanadium or ceriimi-based metal alkoxide, alkylated 
metal alkoxide or otherwise fimctionalized metal alkoxide, more preferably the 
fimctionalized metal alkoxide is aminopropyl triethoxysilane. In another embodiment 
the corresponding fimctionalized metal alkoxide is metal chloride, silazane, or 
polyglycerylsilicate, and in another embodiment the reacting occurs in an acidic or 
basic aqueous medium. For these embodiments of methods of the invention preferably 
the reactant and water are in a molar ratio of from about 1 : 1 to about 20: 1 
water/reactant. 

According to another embodiment of the method the casting of the mixture is in 
a mold, a column, a microliter well, a spot on a surface by pin spotting, ink jet 
deposition or screen printing ; or a fihn on a surface by dipcasting, spin-casting or 
spraying. 
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According to another embodiment of the method the gel and aging is at 
temperatures from about 0°C up to about 40*C. 

According to yet another emboiment the partial drying is at temperatures from 
about 4° to about 40°C. 

In another aspect the invention relates to a method for preparing silica-based glass 
having biomolecular interactions incorporated within the matrix of the glass 
comprising: 

(a) reacting alone or as mixtures a silicon, titanium, vanadium or cerium-based 
metal alkoxide, alkylated metal alkoxide or othenvise functionalized metal 
alkoxide (such as aminopropyl triethoxysilane) or a corresponding metal 
chloride with water in a molar ratio of from about 1 : 1 to about 20: 1 water/metal 
alkoxide (or metal chloride) in an acidic or basic aqueous mediimi; 

(b) adjusting the pH to a value between 4 and 10 either before or during the 
addition of an aqueous solution containing the molecules that comprise the 
biomolecular interaction; 

(c) casting the mixture into a mold, as a thin film on a surface via dipcasting, spin- 
casting or spraying, in a microtiter well, or as a spot on a surface via pin 
spotting, Inkjet deposition or screen printing 

(d) allowing the mixture to gel and age at temperatures from about O^'C up to about 
40°C; and 

partially drying the aged gel at temperattires from about 4° to about 40°C. 

In another aspect of the invention there is provided a method for the preparation 
of a carrier having a bioactive bimolecular interaction incorporated in the carrier. 

According to one embodiment of this aspect, the method comprises: 

(a) incorporating the bioactive biomolecular interaction in a carrier; 

(b) hydrolysis and polycondensation of at least one monomer to 
provide a solid matrix bonding the bioactive biomolecular interaction which is 
incorpoerated in the carrier ; and 

(c) imparting mechanical, chemical and thermal stability in the 

matrix. 

Preferably the at least one monomer is a fimctionalized or non-fimctionalized 
alkoxysilane; functionalized or non-functionalized bis-silane; functionalized or non- 
functionalized chlorosilane; sugar, polymer, polyol or amino acid substituted silicate; 
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or additives selected from any available organic polymer, poly electrolyte, sugar 
(natural or synthetic) or amino acids (natural and non natural). 

In another embodiment the monomer is based on titanium, vanadiimi or cerium. 
In yet another embodiment of a method according to this aspect of the invention 
mechanical, chemical and thermal stability of the matrix is imparted by combination of 
precursors and additives. Preferably the mechanical, chemical and thermal stability is 
imparted by combination of precursors and/or additives, and by choice of aging and 
drying methods. Preferably the carrier comprises a silica based glass, more preferably 
a silicon, titanium, vanadium or cerium-based metal alkoxide, alkylated metal alkoxide 
or otherwise functionalized metal alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor . 

In another embodiment of the method the carrier is derived by a sol-gel 
processing method, and preferably the carrier is bioactive. 

In yet another aspect of the invention there is provided a method of treating an 
animal with a carrier and a bimolecular interaction of the invention. According to one 
embodiment the method comprises administering an effective amount of a biologically 
active biomolecular interaction contained in a carrier such that the animal is thereby 
treated. Preferably the treating is by site-specific targeting in the animal. More 
preferably the effective amount of a biologically active biomolecular interaction is a 
chemotherapeutic for treating cancer. 

In a further aspect of the present invention there is provided a method for 
screening a compound or substance to determine the degree of inhibition or binding of 
a biomolecular interaction in a carrier of the invention. 

According to one embodiment the method for screening a compound or 
substance to determine the degree of inhibition or binding of a biomolecular interaction 
by the compound or substance comprises contacting the compound or substance to be 
tested with the molecules of a biomolecular interaction wherein the molecules are 
incorporated within a carrier and they are capable of forming a biomolecular interaction 
in the carrier, and wherein inhibition of the formation of the biomolecular interaction or 
binding by the compound or substance causes a change in the amount of a detectable 
signal produced by the molecules of the interaction of by one or more labels at or near 
the site of interaction of the molecules. Preferably the biomolecular interaction is 
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incorporated within a matrix of the carrier, and the carrier comprises a silica based 
glass. 

According to one embodiment the carrier is prepared from a silicon, titanium, 
vanadium or cerium-based metal alkoxide, alkylated metal alkoxide or otherwise 
functionalized metal alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor . Preferably the carrier is derived by a 
sol-gel processing method. More preferably the bimolecular interaction is bioactive. 
In another embodiment the carrier is bioactive. 

According to another broad aspect the invention provides materials and 
methods of high throughput screening for compounds or substances which inhibit 
protein-protein interactions, but as will readily be appreciated, the methods and 
materials described herein may be used to assay any substance-substance interactions. 
In this respect the invention provides a method of high through put screening for a 
substance which inhibits or binds a bimolecular interaction. According to an 
embodiment of this aspect of the invention the method comprises the steps of: 

(a) incorporating a bimolecular interaction within a carrier. 
Preferably the bimolecular interaction is a population of a purified protein comprising a 
binary protein-protein interacting pair is encapsulated in a earner. This protein is 
preferably designed so that it has a solvent-sensitive fluorescent probe at or near the 
dimer interface or has one protein partner labelled with a fluorescence energy donor 
and the other protein panner labelled with a fluorescence energy acceptor to allow 
fluorescence resonance energy transfer (FRET) to occur between the protein partners, 
preferably in a distance-dependent manner, 

(b) forming an array of sol-gel derived spots on a support wherein 
each spot contains a bimolecular interaction; 

(c) measuring a signal from the interaction in the absence of any 
other substances; Preferably the initial fluorescence signal (intensity, emission 
wavelength, polarization and/or lifetime of a single probe, a donor and/or an acceptor) 
of this complex in the absence of any other compounds is first measured. The 
fluorescence signal indicates that the pair of proteins is in a complex. 

(d) reversibly disrupting the bimoleular interactin such that the 
signal is detectabliy altered; Preferably the sample is sufficiently denatured (if 
necessary) to cause a reversible disruption of the binary protein-protein interaction. 
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causing the signal of the reponer at the protein-interface or of the donor-acceptor pair 
to be significantly altered. 

(e) the substance is added to the bimolecular interaction in the 
carrier, and reversing the disruption; and 

(f) measuring the signal; The denaturing conditions (if used) are 
reversed to cause the binary interacting system to reform in the sol-gel matrix. The 
original fluorescence signal of the attached probe or donor-acceptor pair is recovered if 
no disruption of the complex occurs (i.e., target is not a drug candidate). Where the 
original signal is not recovered, the substance is detennned to bind or inhibit the 
bimolecular interaction. The substance is considered to have disrupted the protein- 
protein interaction, and can be tested further as, for example, a potential drug candidate. 

In a prefered embodiment the signal generated by the assay is due to excitement 
by a He Cd laser through an optical fiber and the signal, preferably fluorescence, and is 
preferably detected through the same fiber, as shown in Figure 21. 

In another embodiment the signal is excited by a nitrogen laser through a 
bifurcated optical fiber and fluorescence is preferably detected through the same fibfer 
and more preferably detected in a time-gated or time-resolved mode. 

In another embodiment of the method signals generated by the array are excited 
by a laser, lamp or light emitting diode, either directly or through an optical fiber, and 
the signal, if any, preferably fluorescence, is detected using a CCD camera. 

In still yet another aspect, the present invention provides a normal or frontal 
affinity chromatography method for pre-screening a compound based on incorporation 
of a biomolecular interaction or individual protein partners within a carrier into a 
column, addition of a denaturant, passing of individual compounds, mixtures or 
mixtures including an indicator ligand through the column in conjunction with removal 
of the denaturant (if present), and determination of retention behaviour using 
fluorescence, mass spectrometric or other detection methods. 

The details of the preferred embodiment of the present invention are set forth in 
the accompanying drawings and the description below. Once the details of the 
invention are known, numerous additional innovations and changes will become 
obvious to one skilled in the art. 
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The invention will be better understood with reference to the drawings in 

which: 

Figure 1 is a schematic representation of the steps involved in an assay 
according to the present invention. 

Figure 2 is a graph illustrating the fluorescence emission spectrum obtained 
form melittin alone and when complexed with holo-BCaM to produce a BCaM-Melittin 
interaction complex. 

Figure 3 is a graph illustrating the emission wavelength response of melittin 
upon complexation with apo and holo BcaM, showing binding only occurs to the holo 
form. 

Figure 4 is a graph of a binding curve for the addition of BCaM to melittin. 

Figure 5 illustrates a schematic representation of one embodiment of a sol -gel 
process according to the present invention. 

Figure 6 is a graph illustrating the emission spectra of the holo-BCaM-Mel 
complex in solution in comparison with the same complex in a sol-gel derived glass 
according to the present invention. 

Figure 7A is a graph illustrating emission intensity changes during GdHCI 
denaturation of the hoIo-BCaM-Mel complex in solution. 

Figure 7B is a graph illustrating emission intensity changes during GdHCI 
denaturation of the holo-BCaM-Mel complex entrapped in glass. 

Figure 8A is a graph illustrating emission wavelength changes during GdHCI 
denaturation of the holo BCaM-Mel complex when enu^pped in glass. 

Figure 8B is a graph illustrating anisotropy changes during GdHCI denaturation 
of the holo BCaM-Mel complex when entrapped in glass. 

Figure 9 is a graph illustrating the spectra of native, denatured and recovered 
B Cam-Mel complex in a glass. 

Figure 1 OA is a graph illustrating intensity and wavelength changes in the 
intact holo-BCaM-Mel complex caused by addition of the inhibitor TFP without a 
preliminary denaturation step. 

Figure lOB is a graph illustrating intensity changes when melittin is titrated 
with TFP 

Figure 1 1 illustrates the spectra obtained for a complete assay cycle, showing 
the effects of TFP on recovery of spectral properties of entrapped BCaM-Melittin 
complex when recovered from GdHCI denaturation in the absence of TFP and 
presence of TFP. 

Figure 12 is a table iUustraung anisotropy and wavelength values obtained with 
an assay according to the present invention with BCaMrMelittin complex 

Figure 13 illustrates the principles of FRET as applied to the present invention 
Figure 14 illustrates the application of FRET to an assay according to the 
present invention. 

Figure 15 illustrates a possible FRET system for BCaM-Melittin 
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Figure 16 is a graph illustrating the fluorescence signal from BCaM/Dansyl- 
Melittin system when excited at 295 nm. 

Figure 17 is a graph illustrating the fluorescence intensity changes with 
increasing concentrations of guanidine hydrochloride on a BCaM/Dansyl-melittin 
complex in solution. 

Figure 18 is a graph illustrating the fluorescence signal of free and complexed 
dansyl-melittin excited at 350 nm. 

Figure 19 is a graph illustrating the fluorescence spectra of SAP and 
phosphorylated SLAM peptide. 

Figure 20 is a graph illustrating the effects of titration of SAP with n-pY-c on 
fluorescence intensity of SAP. 

Figure 21 is a He-Cd laser based fiber optic fluorimeier for reading of sol-gel 
derived arrays 

Figure 22 is an array of sol -gel derived silica spots containing an entrapped 
protein (fluorescein labelled human serum albumin) on a glass slide and spectra 
obtained from the fiber optic fluorimeter shown in Figure 21 . 
DETAILED DESCRIPTION OF THE INVENTION 
Types of Biomoiecular Interactions 

As mentioned above, the present invention contemplates a biomoiecular 
interaction physically entrapped or covalently attached within a carrier, preferably a 
solid carrier. 

As used herein, the expression "interfere with" and like expressions mean 
inhibiting, reducing, diminishing or blocking the interaction between the members of a 
bimolecular interaction. 

The term "interaction" as used herein means the binding, association, or 
complexing of the members of a bimolecular interaction and includes intramolecular 
binding, association or complexing, regardless of the degree of association between 
molecules, or intra molecuiarly, however the association is formed. 

The term "animal" as used herein includes all members of the animal kingdom 
including mammals, preferably humans. 

Administration of an "effective amount" of the substances of the present 
invention is defined as an amount effective, at dosages and for periods of time 
necessary to achieve the desired result. The effective amount of a substance of the 
invention may vary according to factors such as the disease state, age, sex, and weight 
of the animal. Dosage regima may be adjusted to provide the optimum therapeutic 
response. For example, several divided doses may be administered daily or the dose 
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may be proportionally reduced as indicated by the exigencies of the therapeutic 
situation. 

As used herein the terms "biologically active" and "bioactive" mean the 
substance(s) or compound(s) in question exert(s) or is (or are) able to exert an effect in 
a biological organism. 

The term "containing" as used herein means any form or type of integration, or 
incorporation such that the substance or substances, mcluding bimolecular interaction, 
is/are able to be carried by a carrier. 

As used herein a "biomolecular interaction"^ is a complex of two or more 
biological species (including proteins, polypeptides, peptides, amino acids, DNA, 
RNA, phospholipids, co-factors). Biomolecular interactions may comprise two or more 
interacting molecules including but not limited to a protein-protein interaction, a 
protein-nucleic acid interaction, a protein-phospholipid interaction, or a nucleic acid- 
nucleic acid interaction. A biomolecular interaction may comprise biomolecular 
complexes wherem each complex comprises two or more interacting molecules. It may 
be homodimeric (or of higher order, i.e., trimers, tetramers, etc.) or heterodimeric (or of 
higher order, i.e., trimers, tetramers etc.). This includes, but is not limited to, 
homodimeric proteins, heterodimeric proteins, supramolecular protein assemblies, 
double stranded DNA, DNA-protein interactions, DNA-RNA interactions, protein-lipid 
interactions, and other such combinations which would be readily apparent to those 
skilled in the art. Such complexes are held together by a variety of bonds, including 
but not limited to, ionic interactions, hydrogen bonds, van der Waal's interactions, 
hydrophobic interactions, dipoie-dipole interactions, dipole-induced dipole interactions 
and induced dipole-induced dipole interactions. 

Interacting molecules that form a biomolecular interaction that may be 
incorporated in a carrier in accordance with the invention include polypeptides, nucleic 
acids (DNA or RNA), and phospholipids (including sphingolipids, fatty acids, 
cholesterol and other steroids). 

Any nucleic acid that is involved in, or encodes a polypeptide involved in 
transducing signals in a cell by interacting with a nucleic acid molecule or polypeptide 
may be a component of a biomolecular interaction of the present invention. The nucleic 
acid may be a polyribonucleotide or polydeoxribonucleotide, which may be unmodified 
RNA or DNA or modified RNA or DNA. A nucleic acid may be a single- or double- 
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stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- 
and double-stranded RNA, and RNA that is mixture of single- and double-stranded 
regions, hybrid molecules comprising DNA and RNA that may be single-stranded or, 
more typically, double-stranded or a mixture of single- and double-stranded regions. A 
nucleic acid used in the invention may include all of a nucleic acid molecule, but more 
typically involves only a region of a molecule that can interact with a nucleic acid, or 
polypeptide or region thereof. 

A nucleic acid selected for use in the present invention may contain one or more 
modified bases. Thus, DNAs or RNAs v^th backbones modified for stability or for 
other reasons are "nucleic acids" as that term is intended herein. Moreover, DNAs or 
RNAs comprising unusual bases, such as inosine or 2-aminopurine, or modified bases, 
such as tritylated bases, to name just two examples, are nucleic acids as the term is used 
herein. 

It will be appreciated that a great variety of modifications have been made to 
DNA and RNA that serve many useful purposes known to those of skill in the art. The 
term "nucleic acid" as it is employed herein embraces such chemically, enzymatically 
or metabolicaily modified forms of nucleic acids, as well as the chemical forms of 
DNA and RNA characteristic of viruses and cells, including simple and complex cellsi 

Any polypeptide that is involved in transducing signals in a cell by interacting 
with a nucleic acid molecule or polypeptide may be a component of a biomolecular 
interaction of the present invention. "Polypeptide" as used herein, refers to any protein 
or peptide comprising two or more amino acids joined to each other by peptide bonds 
or modified peptide bonds. The term refers to both short chains (i.e., peptides, 
oligopeptides and oligomers) and to longer chains (i.e., proteins). 

A polypeptide used in the invention may include the entire polypeptide but 
more typically involves a modular domain that interacts with another molecule 
including a polypeptide or region thereof, or a nucleic acid or a region thereof 
Typically, a modular domain is a sequence of about 50 to 100 amino acids 
characterized by an ability to fold into the appropriate three-dimensional structure, and 
to retain its intermolecular binding properties, even in the absence of additional linked 
polypeptide sequences. A modular domain may be a sequential portion of a 
polypeptide, i.e., a contiguous sequence of amino acids, or it may be conformational. 
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I.e., a combination of non-contiguous sequences of amino acids which when the 
molecule is in its native state fonns a structure that interacts with another molecule. 

A large number of protein modular domains have been identified. For example, 
protein modular domains have been identified that are involved with (i) cellular 
functions that control cell growth, or induce cell death or inflammation; (ii) the 
development of the cytoskeleton; (iii) the intracellular anti-microbial machinery of the 
cell; and (iv) transcriptional assembly. Examples of modular domains include, but are 
not limited to, the Src homology 2 (SH2) domain, Src homology 3 (SH3) domain, 
phosphotyrosine binding (PTB) domain, discs large protein (PDZ) domain, plectstrin 
homology (PH) domain, sterile-alpha-motif (SAM) domain, and F-box motif domain. 

Examples of proteins containing protein modules that may be used in the 
invention include, but are not limited to, GAP, Fps, Src, Abl, PLCy, v-Crk, Nek, p85 
P13K, tensin, Vav, c-Yes, Fgr, Fyn, Lck, Lyn Hck, SHIPl, SHIP2, and Blk, (SH2), 
Abl, PLCy, Grb2, v-Src, spectrin, P13-kinase subunit p85. Ras-GAP, Crk, Nek, 
myosinlB, fodrin. ABP-1, SfflPl, and SHIP2 (SH3). SfflPl, SHIP2, Fe65L2, She, 
XI 1 proteins, Cbl, Sck, internal ribosome entry sites, PHIP, Dok-R (PTB), insulin and 
insulin-like growth factor (PTB and PH), XI I proteins, Af6, GRIP, syntenin. and FAP- 
1 (PDZ), serine/threonine protein kinases, cytoplasmic scaffolding and adapter 
scaffolding and adapter proteins, regulators of lipid metabolism, the GTPases, members 
of the ETS family of transcription factors, TEL, and Tankyrase (SAM), and edc4, Grrl, 
popl, Met30, Scon2/Scon3 (F-box motif). 

-A polypeptide or portion thereof used in the present invention may contain 
amino acids other than the 20 amino acids commonly refeired to as the 20 naturally 
occurring amino acids. Many amino acids, including the terminal amino acids, may be 
modified in a given polypeptide used in the present invention, either by natural 
processes, such as processing and other post-translational modifications, but also by 
ehemical modification techniques which are well known to the art. By way of example, 
the use of the modified amino acid 7-a2atiyptophan is described herein. 

The common modifications that occur naturally in polypeptides are too 
numerous to list exhaustively here, but they are well described in basic texts and in 
more detailed monographs, as well as in a voluminous research literamre, and they are 
well known to those of skill in the art. Several particularly common modifications, 
glycosylation, lipid attachment, sulfation, gamma-carboxylation of glutamic acid 
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residues, hydroxylation and ADP-ribosylation, for instance, are described in most basic 
texts, such as, for instance Proteins—Structure And Biomolecular Properties, 2nd Ed., 
T. E. Creighton, W. H. Freeman and Company, New York (1993). Many detailed 
reviews are available on this subject, such as, for example, those provided by Wold, F., 
Posttranslational Protein Modifications: Perspectives and Prospects, pgs. 1-12 in 
Posttranslational Covalent Modification Of Proteins, B. C. Johnson, Ed., Academic 
Press, New York (1983); Seifter et al.. Analysis for protein modifications and 
nonprotein cofactors, Meth. Enzymol. 182:626-646 (1990) and Rattan et al.. Protein 
Synthesis: Posttranslational Modifications and Aging, Ann. N.Y. Acad. Sci. 663:48-62 
(1992). 

It will be appreciated, as is well knovwi and as noted above, that polypeptides 
used in the present invention may not be entirely linear in their sequence. For instance, 
polypeptides that may be used for the present invention may be branched as a result of 
ubiquitination, and they may be circular, with or vdthout branching, generally as a 
result of posttranslation events, including natural processing events and events brought 
about by human manipulation which do not occur naturally. Circular, branched and 
branched circular polypeptides may be synthesized by non-translation natural process 
and by entirely synthetic methods, as well. 

Modifications can occur anywhere in a polypeptide, including the peptide 
backbone, the amino acid side-chains and the amino or carboxyl termini. In fact, 
blockage of the amino or carboxyl group in a polypeptide, or both, by a covalent 
modification, is conmion in naturally occurring and synthetic polypeptides and such 
modifications may be present in polypeptides of the present invention, as well. 

The modifications that occur in a polypeptide often will be a function of how it 
is made. For polypeptides made by expressing a cloned gene in a host, for instance, the 
nature and extent of the modifications in large part will be determined by the host cell 
posttranslational modification capacity and the modification signals present in the 
polypeptide amino acid sequence. For instance, as is well known, glycosylation often 
does not occur in bacterial hosts such as £. coU, Accordingly, when glycosylation is 
desired, a polypeptide should be expressed in a glycosylating host, generally a 
eukaiyotic cell. Insect cells often cany out the same post-translational glycosylations as 
mammalian cells and, for this reason, insect cell expression systems have been 
developed to express efficiently mammalian proteins having native patterns of 
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glycosylation, inter alia. Similar considerations apply to other modifications. 

It will be appreciated that the same type of modification may be present in the 
same or varying degree at several sites in a given polypeptide. Also, a given 
polypeptide may contain many types of modifications. 

Without limitation, those variants of polynucleotides or polypeptides, or 
polynucleotides or polypeptides that differ from a reference polynucleotide or 
polypeptide may be used in the present invention. Generally, differences are limited so 
that the sequences of the reference and the variant are closely similar overall and, in 
many regions, identical. Changes in the nucleotide sequence of a variant may be silent. 
That is, they may not alter the amino acids encoded by the polynucleotide. Where 
alterations are limited to silent changes of this type a variant will encode a polypeptide 
with the same amino acid sequence as the reference polypeptide. Changes in the 
nucleotide sequence of a variant may alter the amino acid sequence of a polypeptide 
encoded by the reference polynucleotide. Such nucleotide changes may result in amino 
acid substitutions, additions, deletions, fusions and truncations in the polypeptide 
encoded by the reference sequence, as discussed below. A variant of a reference 
polypeptide may differ in amino acid sequence by one or more substitutions, additions, 
deletions, fusions and truncations, which may be present in any combination. 

Mimetics of a polypeptide may also be used in the invention. Mimetics may be 
designed based on information obtained by systematic replacement of L-amino acids by 
D-amino acids, replacement of side chains with groups having different electronic 
properties, and by systematic replacement of peptide bonds with amide bond 
replacements. Local conformational constraints can also be introduced to determine 
conformational requirements for activity of a candidate peptide mimetic. The mimetics 
may include isosteric amide bonds, or D-amino acids to stabilize or promote reverse 
turn conformations and to help stabilize the molecule. Cyclic amino acid analogues 
may be used to constrain amino acid residues to particular conformational states. 
Peptoids may also be used which are oligomers of N-substimted amino acids and can 
be used as motifs for the generation of chemically diverse libraries of novel molecules. 

Any phospholipid that is involved in transducing signals in a cell by interacting 
with a nucleic acid molecule or polypeptide may be a componem of a biomolecular 
interaction of the present invention. "Phospholipid", as used herein, refers to a 
molecule having a glycerol backbone covalently linked to two long, non-polar fatty 
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acid hydrocarbon chains and comprising a variable phosphate-containing polar group. 
A phospholipid used in the invention may include the entire molecule but more 
typically involves a domain that interacts with another molecule (e.g. polypeptide or 
region thereof, or a nucleic acid or a region thereof). Examples of phospholipids that 
may be used in the present invention include but are not limited to phosphatidylcholine, 
phosphatidylserine, phosphatidylethanolamine, sphingomyelin, ceramide, 
phosphatidylinositol-4,5-biphosphate, phosphatidylinositol 4-phosphate, and 
sphingosine 1 -phosophate. 

The polypeptides, nucleic acids, phospholipids, and biomolecular complexes 
may be prepared using techniques known in the art. For example, proteins may be 
obtained as an isolate from natural cell sources, or they may be produced by 
recombinant procedures. Polypeptides may be purified for use in the present invention 
using high-throughput protein purification methods such as fluidized-bed 
chromatography. Polypeptides may also be prepared by chemical synthesis using 
techniques well known in chemistry such as solid phase synthesis (Merrifield, 1964, J. 
Am. Chem. Soc. 85:2149-2154) or synthesis in homogenous solution (Houbenweyl, 
1987, Methods of Organic Chemistry, ed. E. Wansch, Vol. 15 I and 11, Thieme, 
. Stuttgart). 

A nucleic acid that is DNA can be isolated by preparing a labeled nucleic acid 
probe based on all or part of the nucleic acid sequence and screening an appropriate 
DNA library (e.g. a cDNA or genomic DNA library). A nucleic acid that is DNA can 
also be isolated by selectively amplifying a nucleic acid sequence using for example 
polymerase chain reaction (PGR) technologies well known in the art (Dieffenbach, C. 
W. and G. S. Dveksler (1995) PGR Primer, a Laboratory Manual, Cold Spring Harbor 
Press, Plainview, N.Y.). A nucleic acid which is RNA can be isolated by cloning a 
cDNA encoding a protein into an appropriate vector which allows for transcription of 
the cDNA to produce an RNA molecule which encodes the protein. Nucleic acids may 
also be chemically synthesized using standard techniques. Methods of chemically 
synthesizing polydeoxynucleotides are known, including but not limited to solid-phase 
synthesis which, like peptide synthesis, has been fully automated in commercially 
available DNA synthesizers (See e.g., Itakura et al. U.S. Patent No. 4,598,049; 
Caruthers et al. U.S. Patent No. 4,458,066; and Itakura U.S. Patent Nos. 4,401,796 and 
4,373,071). 



wo 01/01 139 



PCT/CAOO/00779 



- 16- 



Examples of biomolecular interactions which can be incorporated in a carrier in 
accordance with the invention include protein-protein interactions described in the Cell 
Signaling Networks Database rh ttp://geo.nihs.go.ip/csndb/main.html ) and protein - 
nucleic acid interactions described in The Transcription Factor Database 
( http ://transf ac . gbf-braunsch we i g . de/TRAN SF AC l . as well as protein-co-factor 
complexes. Particular examples of protein-protein interactions are the following: 
P13K-platelet derived growth factor (PDGFR), GAP-PDGFR, PLC-y-PDGFR, PLC-y- 
epidermal growth factor receptor (EGFR), c-Src-PDGFR, v-Src-PI3-kinase, Shc- 
EGFR, Shc-PGDF, Shc-Trk, Shc-Grb2, EGFR-Grb2, Grb2-Sos, EGFR-Grb2-Sos, 
IRS1-Grb2, IRS1-PI3 kinase, SAP-SLAM, GRF.2-CaM, Shc-SHIP, SHIP-Grb2, B 
class ephrin-GRIP, B class ephrin-PHIP, B class ephrin-syntenin, B class ephrin-FAP- 
1, Cdc34-Cdc53-Skpl, and CaM-melittin. 
Labelling A Biomolecular Interaction 

A biomolecular interaction may be selected or designed for use in the invention 
so that the disruption and/or reformation of the interaction may be detected. A 
biomolecular interaction can be designed so that it has one or more intrinsic labels at a 
site of interaction. For example, a biomolecular interaction that comprises an 
interacting polypeptide may be designed so that the polypeptide has a detectable amino 
acid or amino acid analogue at the site of interaction. For example, the polypeptide may 
have a native tryptophan residue at the site of interaction, or the residue may be 
inserted into the polypeptide at a site of the interaction. This latter approach is 
preferably used for small polypeptides that do not have a large number of native 
tryptophan residues. 

An amino acid analogue such as the water sensitive fluorophore 7- 
azatryptophan (7AW), a highly specific tryptophan analogue, may be at the site of 
interaction. Such an analogue may be introduced into an interacting site of a 
polypeptide using knovm methods that permits the incorporation of the analogue 7- 
azatryptophan is a non-natural amino acid that undergoes a solvent-dependent 



tautomerization reaction, which imparts a solvent-dependent quenching of the 
fluorescence of 7-azatryptophan in the presence of hydroxy lated solvents (e.g. water or 
alcohols). When 7-azatryptophan has no water solvation, it has an intense, long-lived 
fluorescence with an emission maximum between 350-370 nm. This is typical of the 
inu^nsic fluorescence spectrum of 7-azatryptophan incorporated polypeptides that have 
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buried tryptophan residues. Denaturation and subsequent solvent exposure imparts a 
dramatic fluorescence quenching on 7-azatryptophan incorporated polypeptides, an 
intensity response that can be 5-20 fold, compared to the typical response of 
tryptophan, which changes less than 2-fold. The 7-azatryptophan fluorescence can be 
excited at wavelengths as great as 315 nm, beyond the normal absorbance of DNA or 
polypeptides, thus allowing exclusive detection of T-azatryptophan fluorescence in the 
presence of other polypeptides or DNA. 

A pair of interacting polypeptides with 7-azatryptophan residues at the 
polypeptide-interaction interface will have a strong 7-a2atryptophan fluorescence that 
will become quenched as the interaction is disrupted. This phenomenon has been 
demonstrated in solution with the dimeric protein tryptophanyl-tRNA synthetase from 
B. subtilis that has a single tryptophan residue at the dimer-interface. Thermal or 
chemical denaturation of the 7-azatryptophan protein shows a two-state transition that 
shows first the dissociation of the subunits followed by their unfolding. The initial 
stage cannot be detected v^th tryptophan fluorescence. 

A biomolecular interaction may also be extrinsically labelled at a site of 
interaction. One or more labels may be used and the label may be a fluorescent 
compound, phosphorescent compound, limiinescent compoimd, or enzyme. Examples 
of labels include fluorescent compounds such as acrylodan, nitrobenzoxadiazole, 
fluorescein, rhodamine, and lanthanide phosphors, luminescent labels such as luminol; 
and enzymatic labels such as horseradish peroxidase, P-galactosidase, luciferase, 
alkaline phosphatase, and acetylcholinesterase. 

In an embodiment of the invention comprising an interacting molecule that is a 
polypeptide, a single reactive cysteine residue can be placed within the polypeptide at a 
location that is at or near a site of interaction. Thiol selective probes such as acrylodan 
or iodoacetoxy-nitrobenzoxadiazole, can be attached to the reactive cysteine residue. 
The use of thiol selective probes has a number of advantages. It permits the extension 
of the invention to excitation wavelengths in the visible range, eliminating potential 
protein auto-fluorescence issues, and allowing the use of inexpensive instrumentation 
that does not require quartz or fused silica optics. 

In another embodiment, the C- or N-temiinus of the protein, or carboxylate or 
amino groups within the protein (i.e., glutamate, lysine) may be labelled with one or 
more carboxylate or amino reactive probes. 
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In yet another embodiment, one interacting partner may be labelled with a 
fluorescence energy transfer donor (organic or lanthanide based) and the other 
interacting partner with a fluorescence energy transfer acceptor, using one or more of 
the methods listed above. The distance dependent fluorescence resonance energy 
transfer (FRET) will be used to evaluate the state of the interaction 

Sites for incorporating or inserting labels may be selected using x-ray 
crystallographic data or computer programs. For example, amino acids in an interaction 
site (e.g. tryptophan) that can be substituted with a fluorescent amino acid analogue 
(e.g. 7-azatiyptophan) may be selected using computer programs. Known databases and 
multiple sequence alignments may also be used to locate where tryptophan residues 
may be substituted into interfacial regions for proteins lacking such residues. 
Incorporation o f Biomolecular Interactions Within a Carrier 

Once interactmg molecules are selected, the biomolecular interactions are 
formed and incorporated in a carrier such as silica based glass, organic polymers, 
organic-inorganic hybrid materials or non-silica based inorganic polymers (e.g. I. 
Manners. Polymers and the Periodic Table: Recent Developments in Inorganic Polymer 
Science. Angew. Chem. Int. Ed EngL, 1996, 55, 1602; and P. Nguyen, P. Gomez-EJipe 
and I, Manners. Organometallic Polymers with Transition Metals in the Main Chain. 
Chem. Rev., 1999, 6, 1515). The preferred carrier is a silica based inorganic or hybrid 
organic-inorganic glass that physically entraps the biomolecular interaction, and is 
preferably foraied by tiie sol-gel metiiod. The carrier is selected so that it reduces the 
potential for aggregation of the molecules in the biomolecular interaction upon 
disruption. In an embodiment, the biomolecular interaction is incorporated by adding 
the interacting molecules to a solution containing a mixture of water and an 
alkoxysilane, such as tetraetiiylorthosilicate (TEOS), which may be alone or mixed 
witii otiier silanes, including alkyltrialkoxysilanes, dialkydialkoxysilanes, bis-silanes, 
polyglyeryl silicates, or other silicon or metal-based precursors. This solution is treated 
with acid and may be sonicated to promote hydrolysis of the silanes. A buffered 
solution containing the molecules of interest, along witii any additives (i.e., polymers, 
osmolytes, buffers or otiier species) is then added to tiie hydrolyzed silane to bring tiie 
pH to physiologically acceptable levels (between 4 and 10) and to dilute any etiianol 
tiiat may be produced as a byproduct of tiie hydrolysis reaction (to about 20 to 35% if 
TEOS is used). The resulting mixture is quickly poured into a mold to form a monolitii 
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(Ellerby, L.M. et al.. Science 1992, 255, 1 1 13), cast into a microtiter well (Alstein M. 
et al, J. Agric. Food Cham. 1999), or cast as a thin film onto a surface (Aylott, J.W. et 
al, Chem. Mater., 1997, 9, 2261). Alternatively, the mixture may be formed into an 
array of spots on a solid surface using pin-spotting, stamping, inkjet deposition or 
screen printing technologies. For monoliths, the sol rapidly becomes verv^ viscous until 
it eventually sets, forming a very soft gel. The gel then ages and dries at room 
temperature for a period of several weeks to form a clear, mesoporous glass matrix 
which has the molecules incorporated in the cavities of the glass (Dave, B.C. et al, 
Chem Mater. 1995, 7, 1431). 

For films and spots, the aging and drying is greatly accelerated, occurring over a 
period of as little as 30 minutes (Dave, B.C. et al Chem. Mater. 1995, 7, 1431), and 
resulting in fundamentally different properties as compared to monoliths (Yan, Y., et 
al, Chem. Mater. 1995, 7, 1431). In the majority of cases, encapsulated molecules 
retain substantial biological activity for periods of several months (Miller, J.M., et al 
Non-Cryst Solids, 1996, 202, 279). 

The aging of the silicate matrix can be manipulated by controlling the type and 
level of precursors and additives used to for the material, the silicon to water level 
during hydrolysis and gelation, the amount of water present during aging, the pH and 
buffer content of the surrounding solution, the presence of surfactants or polymers in 
the surrounding solution, or the aging temperature. In addition, further chemical 
modifications can be done to the aging matrix, such as addition of monoftmctional 
silanes (i.e., trimethylethoxysilane, chlorosilane, etc) to cap all silanols and arrest 
agmg. By doing so entrapped proteins can retain significant or almost complete 
conformational freedom while being prevented from leaching from the matrix. The 
encapsulated proteins are able to switch between compact and extended (or partially 
unfolded) conformations as a means of generating an analytical signal that is related to 
the state of a biomolecular interaction. 

Other silicone precursors may be used to prepare a silica-based glass, including 
those of the type R.Si-(OEt)3, R2-Si-(OEt)2, (OEt)3Si-R-Si-(OEt)3 where R is an alkyl, 
aryl, or other functional group. Groups other than ethoxy, such as methoxy, choro and 
silazane. Hydrogenative coupling may also be used for glass formation. 

Protein stabilizing materials may be used in the preparation of a sol-gel. The 
additives include, but are not limited to, polymers such as polyvinyl alcohol (PVA), 
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polyethylene glycol (PEG), polyethylene oxide, polyethylimine and poly(N- 
vinylimidizole), and polymer-polyelectrolyte mixtures such as lactitol-DEAE dextran. 
The additives may improve protein stability due to electrostatic interactions and 
osmotic effects on the protein hydration shell. The large size of these polymers may 
ensure minimal leaching after entrapment, and such species may be useful in 
manipulating pore sizes so as to provide sufficient room for proteins to undergo large- 
scale confomiational changes. Other additives can include small molecular weight 
compounds such as sarcosine, sorbitol, and P-glutamate, which are naturally occurring 
osmolytes that are known to stabilize polypeptides. The compounds may be used to 
stabilize a polypeptide during entrapment and they can be removed by incubating in a 
buffer solution. 

The additives listed above may be physically entrapped, or may be covalently 
attached to the matrix, either by forming appropriate precursors (such as a sorbitol- 
linked silane) or by covalent attachment of the additives to an appropriately 
functionalized matrix. 

A biomolecular interaction may be incorporated in a sol-gel carrier using the 
method described by Gill, I. and Ballesteros, A.J. ( JACS, 1998, REF), In this method, 
the sol that is formed by hydrolyzing TEOS is rotary evaporated to remove the ethanol 
produced in the reaction. A polyol (such as PEG or PVA) or higher order alcohol 
(ediylene glycol or glycerol) is then condensed onto the resulting sol to form a new 
precursor with the approximate molecular formula Si(additive)2. Hydrolysis of this 
precursor produces a non-denaturing polyol that stabilizes proteins. These new 
precursors may be used to form silica-based materials afforded by rehydrolysis of the 
precursors under mild aqueous conditions, followed by gelation in the presence of a 
protein to fomi a biologically-doped glass. The compatibility of the precursors with 
proteins may provide improvements in entrapment activity. 

A carrier used in the present invention can be in any shape suitable for analysis. For 
example, it can have the shape of rods, cubes, sieves, powder, or thin fibns coating 
conventional glass plates or any other inert solid support. Thus, a method according to 
the invention can be perfomied for example by preparing optic fibers, planar supports 
(waveguides), or slides, coated with doped sol-gel derived glass layers. Such surfaces 
may also be coated with small spots of sol-gel derived glass to form an array. 
Formation of the sol-gel derived spots may be done by pin spotting, stamping, inkjet 
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deposition or screen printing. The optic fibers, supports, coated wells of microtiter 
plates, slides or arrays may be used for clinical, analytical, or industrial purposes. 

A biomolecular interaction may be disrupted in the carrier to provide non- 
complexed molecules of the interaction in the carrier. For example, a protein-protein 
interaction may be disrupted by heating, changing the pH, treating with a sufficient 
concentration of urea or guanidine hydrochloride denaturant, or by removal of an 
activator (i.e. Ca^* in the case of CaM-meUitin complex). 
Analysis of Comnlexes/Components of Complexes 

A biomolecular interaction incorporated within a carrier in accordance with the 
invention may be characterized both in the presence and absence of test compounds, 
which may be potential inhibitors or stimulators of the biomolecular interaction. 

Test compounds include but are not limited to peptides such as soluble peptides 
including Ig-tailed fusion peptides, members of random peptide libraries and 
combinatorial chemistry-derived molecular libraries made of D- and/or L-configuration 
amino acids, phosphopeptides (including members of random or partially degenerate, 
directed phosphopeptide libraries), antibodies [e.g. polyclonal, monoclonal, humanized, 
anti-idiotypic, chimeric, single chain antibodies, fragments, (e.g. Fab, F(ab)2, and Fab 
expression library fragments, and epitope-binding fragments thereoO], and small 
organic or inorganic molecules. A test compound may be an endogenous physiological 
compound or it may be a natural or synthetic compound. 

A test compound can be a polypeptide or nucleic acid that comprises the 
biomolecular interaction or region thereof (i.e. modular domain), which has been 
modified using conventional methods some of which are described herein. The test 
compound can also comprise a peptide or nucleic acid molecule corresponding to a site 
of interaction of the molecules in a biomolecular interaction or a mimetic of a 
polypeptide or region thereof that comprises a biomolecular interaction. 

The term "stimulator" refers to a molecule that increases the formation of a 
biomolecular interaction and thereby may increase the amount of, or prolong the 
duration of, the activity of a biomolecular interaction or molecules of the interaction in 
vivo. The term "inhibitor", as used herein, refers to a molecule which decreases the 
formation of a biomolecular interaction and thereby may decrease the amount of, or 
shorten the duration of, the activity of a biomolecular interaction or molecules of the 
interaction in vivo. 
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The invention contemplates a method for screening a compound to determine 
the degree of inhibition or stimulation (i.e. binding) of a biomolecular interaction by the 
compound, or if it interferes with the bimoiecular interaction. The method involves 
contacting a compound to be tested with molecules of a biomolecular interaction 
incorporated within a carrier as described herein. The molecules are preferably not 
complexed but are capable of forming a biomolecular interaction in the carrier. 
Therefore, a method of the invention may initially involve disrupting a biomolecular 
interaction by applying a denaturant (e.g. temperature, pH, or urea). The denaturation 
of the interaction may be achieved using a cyclic denaturation (temperature, urea, or pH 
cycling). The screening method is carried out imder conditions suitable for the 
formation of a biomolecular interaction. The conditions are selected having regard to 
factors such as the nature of the molecules forming the interaction. In a preferred 
method of the invention the carrier is a silica based glass, most preferably a sol-gel 
derived glass. The biomolecular interaction within a carrier is preferably cast on the 
surface of an optical fiber, planar supports (waveguides), a slide, a microtiter well or an 
array of sol-gel derived spots formed by pin spottmg, stamping, Inkjet deposition or 
screen printing. 

In a screening method of the invention, at least one of the molecules forming 
the biomolecular interaction is labeled intrinsically or extrinsically at the site of an 
interaction producing a detectable change on formation/disruption of the interaction. 
Thus, inhibition or stimulation (i.e., binding) by a test compound may cause a change 
in the amount of a detectable change produced by a label at the site of interaction of the 
molecules. The method may be a specific color test reaction, NMR or ESR analysis, 
analysis via emission or absorption, luminescence, fluorescence, phosphorescence tests 
and/or electrochemical tests depending on the selected label. Preferably, the method 
uses one or more fluorescence labels and an optical change is detected. Excitation of 
labels may be done directly or via evanescent wave excitation, or by a combination of 
both methods. Recapture of fluorescence may also be direct or by evanescent recapnire 
and waveguiding, or a combination of both methods. 

Control reaction mixtures without the test compound or with a placebo may also 
be prepared. The method of the invention may be scaled up to assay a large number of 
biomolecular interactions against a large number of compounds. 
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Test compounds may be pre-screened prior to screening in the method of the 
invention. Pre-screening methods may be based on normal or frontal affinity column 
chromatography. For example, gravity flow or syringe-pumped glass columns that 
contain silicates doped either with fluorescent biomolecuiar interactions or single 
molecules of the interaction may be used. The colimin may be interfaced to a 
fluorimeter, via optical fibers, to determine spectroscopically if various elution 
gradients (i.e., denaturant gradients) can reversibly disrupt the biomolecuiar interaction. 
Alternatively, the column may be interfaced to a mass spectrometer to determine the 
retention times of compoimds or of an indicator iigand of known association constant if 
a competition-based experiment is done. If a biomolecuiar interaction is used, a mildly 
denaturing eluent may be first used to disrupt the interaction. If a single molecule of the 
interaction is used, the initial eluent can be a buffer. In both cases, a potential inhibitor 
may be injected onto the column and eluted through as the concentration of denaturant 
(if used) is decreased, either in a linear or step fashion. As the denaturant concentration 
is decreased the inhibitor will bind to one of the molecules of the biomolecuiar 
interaction and be retained on the column, while non-disrupting compounds elute in the 
void volume. In one embodiment, a final elution with a more strongly denaturing eluent 
may be used to remove botand inhibitor from the coliunn, causing it to elute, and this 
eluent can subsequently be tested (e.g. by mass spectrometry) to identify the structure 
of any compounds that interacted with the column. Using this approach, non-disrupting 
compounds within a mixture elute rapidly, and can be discarded as candidates for 
further testing, while disrupting compounds are retained on the column, and are then 
further characterized. Therefore, a relatively complex mixture of test compounds can be 
rapidly and efficiently separated into those that show some level of interaction with the 
entrapped proteins and those that do not. 

Pre-screening methods may also use short columns, such as analytical scale 
HPLC or FPLC columns or capillary columns, loaded with a sol-gel derived silicate 
material containing an incorporated biomolecuiar interaction. This method does not 
require labeling of the molecules of the biomolecuiar interaction, providing a more cost 
effective and efficient pre-screening method. 

In an embodiment of the invention, a fluorescence screening method is provided 
for assaying protein-protein interactions. In the method a protein-doped silicate is 
dipcast, spin coated, sprayed, pin spotted, stamped, screen printed or deposited by 
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inkjet methods onto the surface of an optical fiber, planar support (waveguide), or a 
slide, allowing a "remote-sensing" configuration ideally suited to detection of 
compounds in multi-plate wells. On aging the silicate films, the pore sizes within the 
matrix are such that the proteins are encapsulated within the glass, while small 
compounds can penetrate. Intrinsic or extrinsic fluorescence emission of the 
encapsulated biomolecular interactions may be used to examine the structure, dynamics 
and stability of the entrapped biomolecular interaction. Fluorescence spectroscopy is 
ideally suited for this analysis since it provides detailed information about both the 
internal environment of sol-gel derived matrices during aging and drying, (J.D. 
Brennan, Appl. Spectrosc. 53 (1999) 106 A and references therein; U. Narang, et al, J. 
Phys. Chem. 98 (1994)8101; F. Nishida et al., J. Amer. Ceram. Soc. 78 (1995) 1640; U. 
Narang et al. AppL Spec. 47 (1993) 229; K. Matsui et al, J. Phys. Chem. 93 (1989) 
4991); and about the structure (U. Narang et al Anal. Chem. 66 (1994) 3139; S.A. 
Yamanaka et al J. Am. Chem. Soc. 117 (1995) 9095; T.E.S. Dahms and A.G. Szabo, 
Biophys. J. 69 (1995) 569; and M.R. Efink,, Biophys. J. 66 (1994) 482), dynamics 
(B.C. Dave et al., Chem Mater. 7 (1995) 1431; R. Wang and F.V. Bright, J. Phys. 
Chem, 100 (1996) 8580, and J.S. Lundgren and F.V, Bright J. Phys Chem 100 (1996) 
8580), activity (Z.Zhang et al Chem Mater. 10 (1998) 3974), and long-term stability 
(Zhang et a; Anal. Chem. 69 (1997) 3940; and M.R. Efmk, Biophys. J. 66 (1994) 482) 
of both free and entrapped proteins. 

Conventional methods may be used to cast the sol-gels on optical fibers. In an 
embodiment, a commercially available bifurcated fiber adapter may be mounted into 
the sample compartment of a standard steady-state fluorimeter. The distal end of the 
fiber bundle can then be optically interfaced to a sol-gel coated fiber or slide, and can 
transport excitation and emission radiation to and from the sample. This approach is 
amenable to virtually any excitation/emission wavelength combination, and it can be 
adapted for use with most steady-state fluorimeters. Therefore, using a few lenses to 
transport excitation and emission radiation between the fiber bundle and the single 
coated fiber, a relatively inexpensive insunment can be designed which is adaptable to 
any standard steady-state fluorimeter. 

A multi-well fluorescence plate reader may also be utilized in the invention. 
Each individual well is coated with a sol-gel derived film containing a particular 
protein-protein interaction. A series of steps can be performed involving addition of a 
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denaturant, addition of test compound, incubation, dilution with buffer to reduce the 
denaturant level, followed by fluorescence analysis to determine if the compound is an 
inhibitor and hence a potential drug candidate. 

The fluorescence of the protein-protein interaction in the absence and presence 
of any compounds is measured through the optical fiber or within the plate-reader. The 
protein fluorescence indicates whether pair of proteins is in a complex. 

In another embodiment, the fiber may be used to excite and collect fluorescence 
from sol-gel spots on the. surface of a solid support. These spots may be formed by pin 
spotting, stamping, inkjet methods or screen printing. The spots may be nanoliters to 
microliters in volume and will contain the fluorescent biomolecular interaction. 
Compounds for testing, denaturants and rinse buffers can be introduce via pipette or by 
microfluidic delivery systems to manipulate the state of a biomolecular interaction. 
Individual spots on an array can be read by moving the fiber or the slide to position the 
fiber over a particular spot. A fiber-optic based steady-state fluorimeter can also be 
used to analyze an interaction or disrupted interaction contained within the sol-gel 
derived spot. In particular a fiber-optic based fluorimeter based on a helium-cadmiimi 
laser can be used in conjunction v^ith fluorescent probes that absorb at 325 imi or 442 
nm i.e., when the interaction is labeled with nitrobenzoxadiazole, acrylodan, a 
europium chelate or a fluorescence donor-acceptor pair. Such an instrument utilizes a 
helium-cadmium laser for excitation, a perforated mirror beamsplitter, a single optical 
fiber for delivery of excitation and return of emission radiation, and a 
monochromator/PMT assembly for spectral acquisition. This system has the advantage 
that it can be moved between sol-gel derived spots allowing the assay to proceed more 
rapidly. The instrument is also amenable to automation if a microtiter well (96 or 384 
samples) is used, allovmig high throughput. Other instrument formats that may be used 
include a commercial fluorimeter interfaced to a bifurcated optical fiber bundle or 
light-emitting diode, which would be interfaced to the fiber. 

In a further embodiment, a charge coupled detector (CCD) camera may be used 
to image the array of sol-gel derived spots containing the biomolecular interactions 
through a series of filters to measure the fluorescence signals for individual spots 
simultaneously. Standard image processing methods will be used to analyze the images 
and quantify inhibition. 
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Polypeptides that have a single tryptophan (Trp) residue, a single 7- 
azatryptophan residue, and/or a second site (usually a free Cys) which can be 
exclusively labeled with a second fluorophore, provide a unique opportunity to 
examine both local structure, via normal or polarized emission of single probes, and 
global structure via resonance energy transfer experiments. The emission 
characteristics of the polypeptides are sensitive to temperature and denaturant 
concentration, allowing monitoring of the structure, dynamics and stability of 
entrapped proteins under different conditions. Using this approach the fluorescence 
responses of entrapped proteins to alterations in their local environment, such as a 
change in pH, viscosity or concentration of analyte (i.e., drug candidate), can be 
examined. 

In an embodiment, after the fluorescence of the protein-protein interaction is 
determined and/or analyzed in the absence of a test substance, the interaction 
incorporated within the sol-gel derived glass may be heated, subjected to a pH change 
or incubated in a solution of urea or guanidine hydrochloride denaturant of sufficient 
concentration to disrupt the interaction, and the fluorescence of the disrupted system 
measured and/or characterized. Any disruption will cause the label at the protein- 
interface to have a significantly altered fluorescence signal compared to the previous 
measurement. The disrupted interaction incorporated within the sol-gel interacted with 
a small volume of a test compound (or a mixture of compounds from a combinatorial 
library) for screening. The simultaneous dilution of the denauirant remaining in the sol- 
gel glass (or the drop in temperature or shift in pH) will be sufficient to cause the 
protein-protein interacting system to reform in the sol-gel matrix, thus recovering the 
original intense fluorescence signal of the label if no disruption of the complex occurs 
(i.e., the test compound is not a drug candidate). If the original fluorescence is not 
recovered then the test compound or mixnore of compounds has disrupted the protein- 
protein interaction, and it can be tested as a drug candidate. 

Samples can be excited on optical fibers at wavelengths in the range from 190 
nm to 1 1 00 nm. A lamp, light emitting diode or laser source can be used. Laser sources 
are preferable due to the high intensity, monochromaticity and collimated nature of 
such sources. Laser sources can be made tunable by using a pulsed pump laser to 
excite a dye within a second laser, producing a pulsed dye laser output, which can be 
tuned across the emission spectrum of the dye. The pulsed output can then be put 
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through a frequency doubling crystal to produce tunable laser emission in the 
ultraviolet region, which is where both native and T-azatryptophan incorporated 
proteins absorb. 

An economical platform suitable for a method of the invention uses a nitrogen 
laser with an output of 337 nm as the pump laser, a dye laser module where, as one 
example, rhodamine 6G is used to produce tunable output between 540 nm and 640 
nm, and a second harmonic generator unit (frequency doublet) is used to produce UV 
output between 280 nm and 320 nm, spanning the range for excitation of tyrosine, 
tryptophan and 7-azatryptophan. Using such an excitation source, tryptophan can be 
exclusively excited in the presence of tyrosine tising excitation at 295 nm, or TAW can 
be exclusively excited in the presence of Trp using excitation at 315 rmi. Such 
tunability is not easily achievable for fiber optic systems with any other type of 
excitation source (such as a Xe lamp or LED and monochromator). However, such 
sources can be used in the present invention using a bifurcated optical fiber interfaced 
to a well, single fiber, or another sol gel derived device, or if a sol-gel derived array of 
spots is used. 

The use of a pulsed laser source requires specialized detection apparatus when 
steady-state measurements are to be made through optical fibers. The detection system 
for steady-state experiments may consist of a gated integrator/boxcar averager 
combination for signal acquisition, with a monochromator and fast-rise photomultiplier 
tube for detection of the signal. Using these components, both excitation and emission 
spectra can be obtained, or steady-state intensity or anisotropy can be monitored at any 
excitation/emission wavelength combination, making for a very powerful instrument 
for characterizing the behaviour of proteins entrapped in sol-gel fihns on optical fibers. 

In another embodiment, the instrument could be configured to measure time- 
resolved fluorescence by the stroboscopic method (REF). Both organic or ianthanide- 
based fluorescence energy donors could be used in conjunction with organic 
fluorescence energy acceptors, and the emission decay profile of the donor and/or 
acceptor measured to evaluate the state of a biomolecular interaction using FRET 
methods. 

By collecting decays at several emission wavelengths the decay associated 
spectra (DAS) and time-resolved emission specu-a of the encapsulated molecules can be 
elucidated. For proteins, DAS can be used to predict the local secondary structure of 
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proteins in the region of the Trp residue. In the case of T-azatryptophan, DAS can be 
used to quantitate how much probe is solvent exposed in the population. The ability to 
measure fluorescence lifetimes allows examination of the structure of encapsulated 
proteins at very sensitive levels. In addition, time-resolved anisotropy decay 
measurements allow examination of the local and global dynamics of encapsulated 
proteins, and thus enable determination of the mobility of species inside the pores of 
the glass. 

A detection system that is capable of collecting fluorescence decay profiles on 
the picosecond to nanosecond time-scale is preferably used to measure time-resolved 
fluorescence parameters. An appropriate time-resolved detection system for use with a 
nitrogen laser based excitation system is the stroboscopic system manufactured in 
Canada by Photon Technologies International. 

In another embodiment, a fiber-optic based steady-state fluorimeter can also be 
used to analyze an interaction or disrupted interaction. In particular a fiber-optic based 
fluorimeter based on a helium-cadmium laser can be used in conjunction with 
fluorescent probes that absorb at 325 nm or 442 nm i.e., when the interaction is labeled 
with nitrobenzoxadiazole, acryiodan or a europium chelate. Such an instrument utilizes 
a helium-cadmium laser for excitation, a perforated mirror beamsplitter, a single optical 
fiber for delivery of excitation and return of emission radiation, and a 
monochromator/PMT assembly for spectral acquisition. This system has the advantage 
that it can be moved between solutions allowing the assay to proceed more rapidly. The 
instrument is also amenable to automation if a microliter well (96 or 384 samples) is 
used, allowing high throughput. Other instrument formats that may be used include a 
commercial fluorimeter interfaced to a bifurcated optical fiber bundle or light-emitting 
diode, which would be interfaced to the fiber. 
Applications of the Sol-gels and Methods of the Invention 

The methods according to the invention can be applied to detect and analyze 
biomolecular interactions in biological samples, tissues, cells, cell extracts and it can be 
applied to qualitative and/or quantitative analysis of biomolecular interactions. 

Medical diagnostics is another application of the present invention. For 
example, small organic molecules, inorganic ions, and other substances which 
modulate a biomolecular interaction may be detected in biological samples. 
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Compounds that stimulate or inhibit these biomolecular interactions and have 
valuable pharmacological properties will be identified using the methods of the 
invention. For example, two targets for new antibiotic development in which the target 
compound activity is based on the disruption of native protein-dimer interface have 
been identified. The first is tryptophanyl-tRNA synthetase (TrpRS) from B. subtilis 
which has a nattirally occurring Trp residue (Trp 92) located at the dimer interface. 
Work with TrpRS will be extended to include fluorescently-labelled single Cys 
mutants. Since the protein is a homodimer, both monomers will end up being labelled 
with the same probe, potentially negating the use of FRET-based signals. In this case, 
NBD may be used as the label since it is known to undergo concentration and distance 
dependent self-quenching,* which should provide a useful signal in response to 
homodimer-monomer equilibria. 

The second system is HIV integrase, which has multiple Trp residues, one of 
which is at the dimer interface. This protein will also be prepared as a single Cys 
mutant for labelling. This protein is an integral part of the mechanism of HIV 
infection, and thus any drug leads that are identified by the assay will likely be of 
interest to potential partners in the pharmaceutical industry. TrpRS and molecules 
interacting with TrpRS, and HIV integrase and molecules interacting with HIV 
integrase can be incorporated within a carrier in accordance with the invention. 
Compounds that inhibit these interactions can be valuable as antiviral, antibacterial, or 
antifungal compounds. 

The sterile-alpha-motif (SAM) domain may be incorporated in a carrier in 
accordance with the present invention. The domain is present as a conserved module in 
a number of signaling proteins including tyrosine and serine/threonine protein kinases, 
cytoplasmic scaffolding and adapter proteins, regulators of lipid metabolism, the 
GTPases, as well as members of the ETS family of transcription factors. The SAM 
domain acts as a protein interaction module through the ability to homo- and hetero- 
oligomerize with other proteins that contain SAM domains. This functional property 
has been reported to elicit the oncogenic activation of chimeric proteins arising from 
translocation of the SAM domain within proteins (Jousset, C. et al, Embo J. 1997, 16, 
69). The unique aspect of the SAM domain is that it has recently been shown to have a 
single Trp residue present at the dimer interface (Stapieton, D. el al. Nature). Hence 
protein-protein interactions involving homo-dimerization of two domains should elicit 
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a large fluorescence response. In addition, several single Cys mutants are available 
which can be labeled with fluorescent probes that absorb in the visible region of the 
spectrum, allowing the use of numerous inexpensive light sources, such as light- 
emitting diodes, in the methods of the invention. In view of the role SAM domains play 
in various protein signaling events, including axon guidance, cell migration, patterning 
of the nervous system, and angiogenesis, a biomolecular interaction comprising a SAM 
domain will provide useful means to screen for drugs such as anti-cancer drugs. 

In addition to these dimer-interface interfering protein systems, many other 
proteins may also be used, based on their usefiilness as drug targets. A wide variety of 
protein-interaction reagents involved in critical pathways associated with the onset of 
cancer, and a new class of proteins associated with interactions which downregulate 
signaling through the ubiquitin mediated target-specific destruction pathway are also 
suitable for the methods of the invention. Another interaction that can be 
advantageously studied is the SAP:SLAM complex, which is an important target for 
human X-linked lymphoproliferative P^P) disease. SAP is almost exclusively made 
up of a single SH2 domain, and binds phosphoiylated and unphosphorylated peptides 
derived from SLAM. Given the widespread occurrence of SH2 domains in protein- 
protem interactions, the engineering of an appropriately labelled SH2 domain should 
lead to a useful monomer that can be used in a variety of different assays. 

Other systems that can be smdied include the Polo-box system and the 
GRF-2:CaM interaction. The polo-box motif involves a homodimeric protein that must 
be intact to be functional. This protein is of importance in cell cycle control and 
proliferation, and can control cytokinetic events in cells. The GRF-2:CaM interaction 
is of importance in the RAS signalling pathway, and hence has potential applications 
for cancer treatment. In addition to the systems outlined above, a series of other PP 
interactions will be examined as they are identified by collaborators. 

The following non-limiting examples are illustrative of the present invention: 
Examples 

Examples 1-3 . Fluorescence Response to Complex Formation 

Two different sources of calmodulin have been used in the examples, bovine 
brain calmodulin (BCaM) and spinach calmodulin (SCaM). BCaM was used in the 
majority of the work owing to commercial availability. However, SCaM has an 
important property that BCaM does not: h has a single free cysteine residue, which 
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permits site-selective fluorescent labelling, allowing us to extend into energy-transfer 
based measurements. Numerous literature reports have shown that the two proteins are 
effectively identical in structtire and function. This was confirmed by a series of 
parallel experiments using the two proteins, including Ca^* and melittin titrations. In 
all cases, identical data was obtained. 
Example 1 - BCaM:melittin complex 

The BCaM has no native tryptophan residues, and hence is spectroscopically 
silent above an absorbance wavelength of 292 nm. Melittin has a single tryptophan 
residue, allowing selective excitation of the peptide- at 295 nm, and it was therefore 
possible to use fluorescence to follow the state of complexation between CaM and 
melittin. 

The first trials involved the addition of CaM into melittin until a 1:1 complex 
was formed. It was shown that a significant increase in emission intensity, and a blue 
shift in emission wavelength occurred for the Trp residue of melittin upon introduction 
of holo (calcium-loaded) CaM. Such as response was not observed for apo (Ca^^'-free) 
CaM, consistent with expected behaviour. The results of the intensity and wavelength 
shifts are summarized in Figures 2 and 3, and clearly show that the Trp fluorescence of 
melittin is sensitive to the formation of a complex between BCaM and melittin. 
Example 2 - Entrapment of an Intact Complex 

Once it was determined that Trp fluorescence could follow the state of 
complexation, we examined the ability to entrap the intact complex into glass. 
Entrapment studies used the silane precursor tetraethylorthosilicate (TEOS), with a 
buffer containing the BcaMimelittin complex being mixed in a 1:1 volume ratio with 
hydrolyzed TEOS to promote gelation. The samples were generally aged for between 
10 and 15 days, and resulted in optically clear, durable glasses. Such samples showed 
no leaching of either component after 7 days of aging (note: (MW of melittin = 2840, 
MW of CaM = 1 6800). 

Figure 6 shows the emission spectra of the complex in solution as compared 
to that in glass. The emission maximum of the Trp of melittin at 335 nm is indicative 
of the complex. Entrapment of melittin alone resulted in an emission wavelength of 
345 nm, similar to the wavelength found in solution. Hence, it was determined that the 
complex was able to withstand the entrapment conditions, which included momentary 
exposure to low pH and high ethanol concentrations. 
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Example 3 - Reversible Disruption and Ref rmation f a C mplex 

It is useful to be able to reversibly disrupt and reform a complex without 
major changes in the fluorescent signal. Thermal, urea and GdHCl denaturation of the 
BCaM-Mel complex was examined, both in solution and for the complex entrapped in 
glass, to determine if the complex could be reversibly separated and reformed. GdHCl 
gave the most reproducible results, and the highest degree of reversibility. The 
denaturation curves are shown in Figure 7. 

The data indicate that it is possible to disrupt the complex, even when in a 
glass matrix. Figures 8A and B show the emission wavelength (Figure 8A) and 
anisotropy (Figure 8B) changes for the complex when entrapped in glass, indicating 
that these signals are quite responsive.to the state of the complex. Hence, it is possible 
to use a combination of intensity, emission wavelength and anisotropy to determine the 
exact state of the protein complex. 

Comparing the unfolding curves using the different fluorescent signals, it is 
apparent that there is a significant drop in intensity, a red-shif^ of the spectrum, and a 
decrease in rotational anisotropy (i.e., an increase in rotational mobility) upon 
disruption. These signals are consistent with the Trp residue of melittin becoming 
more solvent exposed, as would be expected if it is no longer bound to calmodulin. 

The reversibility of the dismption was evaluated by rinsing the glass with 
buffer several times, and then recollecting the fluorescence spectrum and anisotropy 
data. Both the wavelength and anisotropy were reversible upon GdHCl removal, while 
the intensity recovered to a value that was slightly higher than had been observed 
originally. The data is given in Table 1. 

The slight blue shift and increase in intensity for the recovered complex 
compared to the original complex may be due to small changes in the level of Ca^* 
present in the glass after reformation of the complex. The level of Ca^^ was shown to 
have a minor effect on the spectroscopic properties of the complex, both in solution and 
in glass. It should be noted that this experiment could not be done accurately in 
solution owing to problems with dialysis of GdHCl. Hence, emission spectra that were 
obtained after several rounds of dialysis showed only --15% recovery of signal 
(possibly due to leakage of melittin through the dialysis tubing), and a final emission 
wavelength of 340 nm and anisotropy of 0.1 13. Hence, preferably, the entrapment of 
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the complex into glass is a step to be taken to ensure accurate recovery of the original 
spectroscopic properties of the complex after disruption- 
Examples 4 and 5 - Inhibitor Disruption of Ref rmation f Complex 
Example 4- Solution Studies 

Once it was determined that reversible denaturation of the entrapped complex 
was possible, we examined the ability of a known inhibitor of the complex, 
trifluoperazine (TFP), to disrupt the complex. Control experiments involved an 
examination of the interactions of TFP with the intact complex, melittin, BCaM, and 
non-functional complex, obtained using apo BCaM. . Interaction of TFP with apo or 
holo calmodulin alone resulted in no changes in spectroscopic properties. The 
interaction of TFP with melittin and with the intact BCaMrmelittin complex are shown 
in Figures lOA and lOB. Note that no wavlength changes occurred during this titration 
(not shown).. 

The results showed that the TFP interacted with the melittin or with the intact 
complex, resulting in a large decrease in intensity. Similar resuhs were obtained for the 
disrupted complex. This change in signal was the result of association between the 
TFP and melittin, which caused energy transfer from melittin to TFP. Examination of 
the TFP emission (centered at 400 nm) showed an enhancement in intensity as melittin 
was added, confirming that energy transfer was taking place. Hence, in this particular 
system the intensity of the signal was not useful for further development of the assay 
since the TFP affects the signal from the intact complex. For this reason, other 
fluorescence signals were examined. It was determined that the emission wavelength 
and anisotropy of the intact complex, or of melittin itself, were not affected by the 
presence of TFP. This is evident from Figure lOA, which shows the emission 
wavelength remaining constant as TFP is added to melittin. Hence these signals were 
utilized for studies of TFP interactions with the entrapped complex. 
Example 5 -Entrapped BCaM-Melittin 

Described is a complete assay cycle using entrapped BCaM:melittin complex. 
Based on the results reported in the examples for denaturation of entrapped 
BCaM:melittin, it was decided that the complex would be disrupted using IM GdHCl. 
Two trials were done: 

1. Addition of IM GdHCl, addition of 100 ml of buffer containing no TFP, removal of 
GdHCl by multiple exchange of the surrounding buffer solution. 
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2. Addition of IM GdHCl, addition of 100 ml of buffer containing sufficient TFP to get 
a 4:1 ratio of TFPxomplex, removal of GdHCI by multiple exchange of the 
surrounding buffer solution. 

Figure 1 1 shows the results obtained from emission spectral analysis. The spectra have 
been normalized to allow easier visualization of the emission wavelength data. Figure 9 
shows shows the reversibility of denaturation for an entrapped protein. 

As shown in Figures 1 1 and 12, the BCaM-Mel complex is not able to reform 
in the presence of TFP. Figure 1 1 illustrates the spectra obtained for a complete assay 
cycle, showing the effects of TFP on recovery of spectral properties of entrapped 
BCaM-Melittin complex when recovered from GdHCl denaturation in the absence of 
TFP (spectrum shifts back to native-like properties) and presence of TFP (spectrum 
retains denatured-like properties). The wavelength is not able to shift from 346 nm, 
when it should be at 330-335 nm as shown for the complex that was recovered without 
TFP added. The emission wavelength and anisotropy data for the complex under 
different conditions are shown in Table 2. 

Hence, it is evident that the addition of TFP does disrupt the complex, since 
the emission wavelength and to a lesser extent the anisotropy both fail to recover to 
their initial values when TFP is present. 
Example 6 - Spinach CaM:meliUin system 

Spinach CaM allows for label of the single cysteine residue with fluorescence 
probes so that energy transfer mechanisms can be employed to determine distance 
relationships between the melittin and CaM. Preferably melittin is labelled with a 
donor, such as dansyl, while CaM will be labelled with an acceptor, such as acrylodan 
or NBD. By shifting the excitation wavelength from 295 nm (as was used above) to 
335 nm (for dansyl excitation), we should avoid interferences with TFP. Other donor- 
acceptor pairs may also be evaluated. This system may also allow more full 
exploration of the utility of energy transfer as a potential signal for the development of 
high-throughput screening. Figure 16 is a graph illustrating the fluorescence signal 
from BCaM/Dansyl-Melittin system when excited at 295 nm, indicating both Tip 
fluorescence and dansyl emission changes upon complex fonnation. 
Example 7 - Other Protein-Pr tein Interact! n systems 
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Tryptophanyl-tRNA synthetase, both with tryptophan and 7-azatryptophan 
present at the dimer interface represents another potential system, as well as HIV- 
integrase. 

Example 8 -Other Entrapment Prot cols 

The fluorescently-labelled protein complexes may be entrapped into a variet>' 
of different sol-gel derived materials as an initial step for extending the assay to a high 
throughput format. Presently, BCaMiMelittin and polo-box have been successfully 
entrapped into PEG-doped TEOS materials and into poly gly eery Isilicate-derived 
materials, both with and without added bis-silane species. In all cases, intact 
complexes may be entrapped and reversibly denatured using GdHCl. A mmiber of 
different sol-gel precursors and polymerization routes may be available including the 
use of osmolyte and PEG doped glasses, to improve the stability of the complex during 
entrapment, and the use of a hybrid hydrogel/sol-gel method. Also within the scope of 
the present invention is pin spotting, stamping, inkjet deposition or screen printing of 
these materials as an initial step toward preparation of arrays. 
Examples 9-14 Protein-Protein Interactions 

As described in more detail in the following examples, the data show that 
certain labels may provide better spectroscopic signatures for evaluating protein-protein 
complex formation, and that alternative methods for forming glasses may improve the 
stability of entrapped proteins. 

Studies on a calmodulin -melittin model system assess the suitability of 
fluorescently labelled proteins and alliterative fluorescence signals (i.e., energy 
transfer, fluorescence lifetimes) for development of protein-protein interaction assays. 
Example 9 - Bovine Calmodulin - Melittin System 

The N terminus of melittin can be labelled with a dansyl group, thus allowing 
for a study of the utility of internal energy transfer from the tiyptophan residue of 
melittin to the dansyl label. This then allows changes in acceptor-donor distance within 
melittin to be monitored as proof of complexation with calmodulin. Melittin has been 
labelled to 70% efficiency with dansyl chloride using pH manipulation to prevent other 
amino groups (i.e., lysine) within the structure from being additionally labelled. Figure 
17 illustrates the fluorescence intensity changes with increasing concentrations of 
guanidine hydrochloride on a BCaMADansyl -melittin complex in solution. Tryptophan 
anisotropy and wavelength data confirm that the dansyl label does not perturb the 
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interaction. 

Determination of a biomolecular interaction and a spectroscopic response to the 
interaction is achieved by titration of bovine calmodulin (BCaM) into solutions of the 
dansyl -labelled melittin. Comparison of the spectra for the free and complexed dansyl- 
melittin show an increase in the fluorescence intensity of the dansyl label (excited at 
370nm) on binding to calmodulin, as shown in the spectra in Figure 18. 

Monitoring tryptophan fluorescence by excitation at 285 nm also demonstrates 
an increase in the fluorescence intensity and a blue shift in the maximum emission 
wavelength. This trend was previously observed in the titration of Cam and non- 
labelled melittin, indicating that the presence of the dansyl label does not interfere with 
the formation of the complex. 

In the present work, the energy donor has been the tryptophan residue in the 
melittin, however, while exciting this at 295mn, the dansyl label is also being excited, 
preventing calculation of the distance change between donor and acceptor upon the 
binding of melittin to calmodulin. This problem may be overcome when spinach 
cabnodulin is used, since the single cysteine residue can be labelled with a probe whose 
absorbance spectrum is separate from that of dansyl. An alternative approach may be 
where SCaM is labelled with an energy acceptor and dansyl becomes the energy 
donor. 

Example 10 - Fluorescence Lifetime Measurements 

The CaM:Melittin system may be used for the study of fluorescence lifetime 
measurements to better understand the nattire of the fluorescence intensity changes 
resulting from formation of the protein-protein complex. Data has been collected from 
both free and entrapped BCaM:Melittin complexes. Data from the entrapped system is 
shown in Table 3. This data shows that the fluorescence decay times change 
significantly upon disruption of the complex (by addition of 1 M GdHCI), dropping 
from 29 ns for the complex to 9 ns for the free Dansyl-melittin. Addition of TFP to the 
disrupted complex followed by removal of GdHCI results in the lifetimes remaining 
similar to Dansyl-melittin, indicating that lifetimes can follow the inhibition of 
complex formation. Recovery in the absence of TFP produces the long lifetime (ca 29 
ns), demonstrating that the disrupted complex can be recovered in the glass. Figure 19 
is a table showing fluorescence lifetime data for BCaM-Mel in a glass during a 
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complete assay cycle, confirming that TFP disrupts the interaction and that lifetime 
data can be used to follow the event. 
Example 11 - SAP-SLAM Interactions 

SAP (SLAM Associated Protein) is a small (128 amino acid) protein consisting 
essentially of an SH2 domain flanked by a 5 residue amino terminus and an 
unstructured 26-residue carboxy terminus. SAP has been found to bind to the 
cytoplasmic tail of SLAM (also known as CDw 150), a transmembrane protein located 
on the surface of B and T cells which plays a key role in the regulation of B cell 
proliferation. SAP has been found to interact with a Specific site flanking Tyr-281 of 
SLAM ( Signaling Lymphocytic Activation Molecule), thereby inhibiting the binding 
of other SH2 proteins, such as SHP2 tyrosine phosphatase. However, in contrast to 
other SH2 domains, the phosphorylation of the tyrosine residue is not essential for 
stable binding. 

In order to investigate SAP-SLAM binding, small SLAM peptides 
corresponding to residues 276-286 of SLAM, containing either a phosphorylated or 
non-phosphorylated tyrosine residue at position 7 have been synthesized. These 
peptide-SAP complexes have been shown to have dissociation constants in the region 
of ISOnm and 330nm respectively. As SAP contains a single tryptophan residue at 
position 64 within the SH2 domain it lends itself to monitoring by fluorescence 
techniques. Although the peptides also contain a spectroscopically active tyrosine, it is 
possible to selectively excite the tryptophan above 292 nm, as shown in the spectra in 
Figure 20 (SAP and SLAM proteins at equal concentrations). 

Experiments were conducted in which the phosphorylated SLAM peptide (n- 
pY-c) was titrated into a SAP solution and the complexation monitored by following 
changes in the tryptophan emission of SAP. As may be seen in Figure 21, it was found 
that there was approximately a 20% decrease in the intensity of the tryptophan emission 
of SAP upon reaching a peptide: SAP ratio in the region of 1:1 (actual [n-pY-c]:[SAP] 
= 1 .2), with a slight red shift in the maximum emission wavelength. 

This preliminary result indicates the binding of the peptide results in a 
conformational change in the SAP that produces a greater exposure of Trp to solvent. 
Overall, the results indicate tiiat monitoring of changes in Trp fluorescence is a suitable 
method to follow the protein-protein interaction. 
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Example 12 - Impr ved Fluorescence 

A combination of approaches are available to improve labelling: First, 

fluorescein-labelled peptides can be prepared which can be used for eventual energy 
transfer experiments wherein SAP is labelled with either an energy donor or acceptor. 
Second, as the expression system is available for the SAP protein it is also possible to 
replace the tryptophan residue with 7-a2atryptophan and so obtain an enhanced 
fluorescence signal which should be more sensitive to the protein-protein interaction. 

The SAP-SLAM complex may be reversibly disrupted, preferably using both 
thermal and chemical denaturation methods ( for example pH, GdHCl and Urea). Both 
fluorescence and electrophoretic (native PAGE) methods may be used to demonstrate 
that disruption of the complex has been achieved and to investigate the reversibility of 
the process, the latter being key to the suitability of the method for drug screening. 

Once solution characterization is complete, an entrapment protocol for the 
SAP-SLAM complex may be developed. The SLAM peptides are slightly hydrophobic 
and so PEG doped and/or organically modified silane (ORMOSIL) derived sol-gels 
may be considered for the entrapment process. Once entrapment is underway, 
compounds can be sought for low throughput screening to determine how the SAP- 
SLAM interaction can be inhibited. 
Example 13 - GRF-2 - Calmodulin Interaction 

A further protein candidate for the methods of the present invention is Ras- 
specific GRF-2, a multidomain protein involved in the activation of intracellular 
mitogen-activated protein kinases (MAPK) in response to extracellular signals. This 
protein is of particular interest as it contains an IQ domain which binds calmodulin in 
response to calcium ions. In addition to the IQ domain, as a certain degree of co- 
operativity exists within the protein. 
Example 14 - Polo Box 

Another protein-protein interaction which can be advanatgeously smdied using 
the methods of the prresent invention involves the polo kinases. This is a subfamily of 
protein kinases that are involved in cell cycle control and proliferation and which 
contain a highly conserved polo-box motif, of 29 amino acid residues, within the non- 
catalytic c-terminal domain. The native polo-box motif can be studied with a single 
tryptophan residue at position 5. Tip fluorescence can be used to follow the dimer- 
monomer transition, and the monomer-random coil transition. The dimer-monomer 
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transition is preferably initiated using GdHCL and is reversible. The monomer-random 
coil transition is not reversible. An intact dimer has been successfully entrapped in both 
TCOS and PGS derived matrices, with and without PEG or bis-silane additives. In all 
cases, the entrapped dimer can be successfully disrupted and reformed using GdHCl. 
Ongoing work involves the effect of osmolytes on protein stability, both in solution and 
entrapped in a sol-gel derived matrix. Future studies will then concentrate on the 
homo- and hetero-interactions of the polo-box motif. 
Example 15 - Sol-Gel Materials Development 

It has been demonstrated that PEG improves the activity of proteins such as 
lipase and HSA upon entrapment into TEOS and ORMOSIL derived sol-gels. 
Similarly, it has been demonstrated that the thermal stability of certain enzymes is 
improved when encapsulated with sarcosine and sorbitol. Accordingly, such materials 
may be advantageously used to stabilize the previously discussed protein-protein 
interactions. A second route to sol-gel based glasses is a process wherein, ethanol that 
is generated in the hydrolysis of TEOS (and which is a potent denaturant of proteips) is 
removed by rotary evaporation, and glycerol is condensed onto the silicate to form a 
polyglyceryl sihcate (PGS). The hydrolysis of PGS occurs at neutral pH, and evolves 
glycerol, which is a stabilizer of proteins. This approach produces optically clear 
materials containing biomolecular interactions. 

Different precursors are available to entrap protein -protein complexes, namely 
in the area of silane precursor synthesis. A small number of bis-silanes, predominantly 
based on two triethoxysilanes tethered by a propyl or propyl ether chain have been 
prepared. Incorporating the bis-silane into sol-gel precursor mixes at levels of 5-10% is 
useful in both preparation of thin films as well as for maintaining the activity of 
entrapped proteins. While not wishing to be bound by any particular theory, it is our 
hypothesis that the bis-silanes aid in controlling the pore sizes of the silicate matrix. 
Control over the pore sizes enables disruption of protein-protein interactions without 
steric interference from the matrix. 
Example 16 — New Interaction Systems 

New protein-protein interaction systems may be investigated using a variety of 
fluorescence methods including intensity, anisotropy and lifetime. Further, each is 
amenable to labelling, either with 7-azatryptophan or with an extrinsic label. 



wo 01/01 139 PCT/CAOO/00779 

1 

-40- 

Each of the protein-protein interaction systems may be tested using known 
disruptors (as for TFP with CaMiMehttin) and analogs. Mixtures of known inhibitors 
and non-inhibitors may also be examined to determine if the assay can identify 
inhibitors in mixtures, as might be required when screening natural product libraries. 
In addition, "arrays" of entrapped protein-protein interactions can be deposited onto 
glass slides using manual deposition techniques (i.e., by pipetting small drops silica 
containing different complexes onto the slide) or automated deposition methods 
(stamping, inkjet deposition, screen printing). These may be able to be sampled by 
moving an optical fiber over each element to detect if disruption of multiple complexes 
can be done simultaneously, or by imaging with a CCD camera. 

Having illustrated and described the principles of the invention in a preferred 
embodiment, it should be appreciated to those skilled in the art that the invention can 
be modified in arrangement and detail without departure fi-om such principles. We 
claim all modifications coming within the scope of the following claims. 

All publications, patents and patent applications referred to herein are 
incorporated by reference in their entirety to the same extent as if each individual 
publication, patent or patent application was specifically and individually indicated to 
be incorporated by reference in its entirety. 
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Table 1 . Reversibility of disruption for entrapped BCaM:melittin. 





Relative intensity 


Anisotropy 


Wavelength Maximum 


Native 


100 


0.129 


334 nm 


Denatured 


40 


0.099 


346 nm 


Recovered 


104 


0.136 


330 nm 



5 



SUBSTITUTE SHEET (RULE 26) 



wo 01/01139 



-42- 



PCT/CAOO/00779 



TABLE 2 





Anisotropv 


Wavelength (nm) 


Native 


0.129 


334 


Denatured 


0.099 


346 


Recovered with no TFP 


0.136 


331 


Denatured, TFP added 


0.115 


346 


Recovered with TFP 


0.121 


346 
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Table 3. Fluorescence lifetime data for B-CaM:dansyl-Melittin 



Sample 


fi 




f3 Tl 


T2 


t3 


<T> 




Dan-Mel 


0.898 


0.102 


9.898 


1.029 




8.992 


1.07 


DM;B-CaM (native) 


0.535 


0.426 


0.038 48.05 


7.666 


1.211 


29.03 


1.11 


DM:B-CaM 


0.664 


0.336 


13.57 


2.685 




9.92 


1.23 


( recovered with TFP) 

















fi = fractional fluorescence of component i. tj = lifetime of component i, <t> = Z f,Ti 
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1 . A carrier for containing a biomolecular interaction, said carrier comprising 
inorganic, organic or organic and inorganic material. 

2. A carrier containing a biomolecular interaction, said carrier comprising 
inorganic, organic or organic and inorganic material. 

3. A carrier according to claim 1 or 2 wherein the biomolecular interaction is 
incorporated within a matrix of the carrier. 

4. A carrier according to claim 1 wherein the carrier comprises a silica based glass. 

5. A carrier according to any one of claims 1-3 wherein the material is a silicon, 
titanium, vanadium or cerium-based metal alkoxide, alkylated metal alkoxide or 
otherwise functionalized metal alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor. 

6. A carrier according to any one of claims 1 -5 derived by a sol-gel processing 
method. 

7. A carrier according to anyone of claims 1-6 wherein the bimolecular interaction 
is bioactive. 

8. A carrier according to claim 7 wherein the carrier is bioactive. 

9. A carrier according to claim 7 or 8 pre-treated to contain components found in 
an animal fluid. 
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10. A carrier according to claim 9 wherein the pre-treatment is by immersion in a 
solution containing components found in an animal fluid for a period of up to about 
seven days prior to use. 

11. A carrier according to claim 10 wherein the animal fluid is interstitial fluid. 

12. A carrier according to any one of claims 7-11 wherein the carrier is synthesized 
under sterile conditions or sterilized subsequent to synthesis using conventional 
sterilization methods. 

13. A carrier according to any one of claims 7-12 wherein the carrier provides 
controlled release of the biologically active biomolecular interaction over time. 

14. A method for preparing a carrier having a biomolecular interaction incorporated 
within the carrier comprising: 

(a) reacting a reactant comprising a functionalized metal alkoxide or a 
corresponding or other silicate prectirsor with water; 

(b) adjusting the pH to a value between 4 and 10 either before or during the 
addition of an aqueous solution containing a biomolecular interaction to provide a 
mixture; 

(c) casting the mixture; 

(d) allov^ng the mixture to gel and age; and 
-(e) partially drying the aged gel. 

15. A method according to claim 14 wherein the reaction occurs alone or as 
mixtures of more than one reactant where the reactant is a silicon, titanium, vanadium or 
cerium-based metal alkoxide, alkylated metal alkoxide or otherwise functionalized 
metal alkoxide. 

16. A method according to claim 15 wherein the functionalized metal alkoxide is 
aminopropyl triethoxysilane. 
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17. A method according to claim 1 4 wherein the corresponding functionalized metal 
alkoxide is metal chloride, silazane, or polyglycerylsilicate. 

18. A method according to any one of claims 14-17 wherein the reacting occurs in 
an acidic or basic aqueous medium. 

19. A method according to any one of claims 14-18 wherein the reactant and water 
are in a molar ratio of from about 1 : 1 to about 20:1 water/reactant. 



20. A method according to any one of claims 14-19 wherein the casting of the 
mixture is in a mold, a column, a microliter well, a spot on a surface by pin spotting, 
Inkjet deposition or screen printing ; or a film on a surface by dipcasting, spin-casting 
or spraying. 

21. A method according to anyone of claims 14-20 wherein the gel and aging is at 
temperatures from about O^C up to about 40*'C. 

22. A method according to anyone of claims 14-21 wherein the partial drying is at 
temperatures from about 4"* to about 40^*0. 

23. A method for the preparation of a carrier having a bioactive bimolecular 
interaction incorporated in the carrier comprising: 

(a) incorporating the bioactive biomolecular interaction in the carrier; 

(b) hydrolysis and polycondensation of at least one monomer to provide a 
solid matrix bonding the bioactive biomolecular interaction which is incorporated in the 
carrier; and 

(c) imparting mechanical, chemical and thermal stability in the matrix. 

24. A method according to claim 23 wherein the at least one monomer is a 
functionalized or non-functionalized alkoxysiiane; functionalized or non-ftmctionalized 
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bis-silane; functionalized or non-fiinctionalized chlorosilane; sugar, polymer, polyol or 
amino acid substituted silicate; or additives selected from any available organic 
polymer, polyelectrolyte, sugar (natural or synthetic) or amino acids (natural and non- 
natural). 

25. A method according to claim 24 wherein the monomer is based on titanium, 
vanadium or ceriimi. 

26. A method according to anyone of claims 23-25 wherein mechanical, chemical 
and thermal stability is imparted by combination of precursors and additives. 

27. A method according to anyone of claims 23-25 wherein mechanical, chemical 
and thermal stability is imparted by choice of aging and drying methods. 

28. A method according to anyone of claims 23-25 wherein mechanical, chemical 
and thermal stability is imparted by combination of precursors and additives, and by 
choice of aging and drying methods. 

29. A method according to any one of claims 23-28 wherein the carrier comprises a 
silica based glass. 

30. A method according to any one of claims 23-29 wherein the carrier comprises a 
silicon, titanium, vanadium or cerium-based metal alkoxide, alkylated metal alkoxide or 
otherwise functionalized metal alkoxide or a con^esponding metal chloride, silazane, 
poiyglycerylsilicate or other silicate precursor. 

31. A method according to any one of claims 23-29 wherein the carrier is derived 
by a sol-gel processing method. 

32. A method according to any one of claims 23-3 1 wherein the carrier is bioactive. 
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33. A method of treating an animal comprising administering an effective amount of 
a biologically active biomolecular interaction contained in a carrier such that the animal 
is thereby treated. 

34. A method according to claim 33 wherein the treating is by site-specific 
targeting in the animal. 

35. A method according to claim 33 or 34 wherein the effective amount of a 
biologically active biomolecular interaction is a chembtherapeutic for treating cancer. 

36. A method according to anyone of claims wherein the carrier is a carrier 
according to claim 7 or 8. 

37. A method for screening a compound to determine the degree of inhibition or 
binding of a biomolecular interaction by the compound comprising contacting the 
compound to be tested with the molecules of a biomolecular interaction wherein the 
molecules are incorporated within a carrier and they are capable of forming a 
biomolecular interaction in the carrier, and wherein inhibition of the formation of the 
biomolecular interaction or binding by the compound causes a change in the amount of 
a detectable signal produced by the molecules of the interaction of by one or more 
labels at or near the site of interaction of the molecules. 

38. A method according to claim 37 wherein the biomolecular interaction is 
incorporated within a matrix of the carrier. 

39. A method according to claim 37 or 38 wherein the carrier comprises a silica 
based glass. 

40. A method according to any one of claims 37-39 wherein the carrier is prepared 
from a silicon, titanium, vanadium or cerium-based metal alkoxide, alkylated metal 
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alkoxide or otherwise flinctionalized metal alkoxide or a corresponding metal chloride, 
silazane, poly gly eery Isilicate or other silicate precursor . 

41. A method according to any one of claims 37-40 wherein the carrier is derived 
by a sol-gel processing method. 

42. A method according to anyone of claims 37-41 wherein the bimolecular 
interaction is bioactive. 

43. A method according to anyone of claims 37-42 wherein the carrier is bioactive. 

44. A method of high through put screening for a substance which inhibits or binds 
a bimolecular interaction, comprising the steps of: 

(a) incorporating a bimolecular interaction within a carrier; 

(b) forming an array of sol-gel derived spots on a support wherein each spot 
contains a bimolecular interaction; 

(c) measuring a original signal from the bimolecular interaction in the 
absence of any other substances; 

(d) reversibly disrupting the bimolecular interaction such that the signal is 
detectably altered; 

(e) adding the substance to the bimolecular interaction in the carrier, and 
reversing the disruption; and 

(f) measuring the signal; 

where the original signal is not recovered, the substance is determined to bind or inhibit 
the bimolecular interaction. 



45. A method according to claim 44 wherein the signal is excited by a He-Cd laser 
through an optical fiber or by a nitrogen laser through a bifurcated optical fiber. 

46. A method according to claim 45 wherein the signal is detected through the same 
fiber. 
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47, A method according to claim 46 wherein the signal is detected in a time-gated 
or time resolved mode. 

48.. A method of detecting signals generated by an array according to any one of 
claims 44-47 wherein the signal is excited by a laser, lamp or light emitting diode, 
either directly or through an optical fiber, and fluorescence is detected using a CCD 
camera. 

49. A method of normal or frontal affinity chromatography for pre-screening a 
substance for binding or inhibiting a bimolecular interaction comprising: 

incorporating a biomolecular interaction or individual protein partners within a 

carrier; 

placing said carrier in a column; 
adding a denaturant; 

passing said substance including an indicator ligand through the column in 
conjimction with removal of the denaturant; and 

determination of retention behaviour by fluorescence or mass spectrometry . 
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WE CLAIM : 

1. A carrier for containing a biomolecular interaction, said carrier comprising 
inorganic, organic or organic and inorganic material - 

5 

2. A carrier containing a biomolecular interaction, said carrier comprising 
inorganic, orgsinic or organic and inorganic material. 

3. A carrier according to claim 1 or 2 wherein the biomolecular interaction is 
10 incorporated within a matrix of the carrier. 

4. A carrier according to claim 1 wherein the carrier comprises a silica based glass. 

5. A carrier according to any one of claims 1-3 wherein the material is a silicon, 
15 titanium, vanadium or cerium-based metal alkoxide, alkylated metal alkoxide or 

otherwise functionalized metal alkoxide or a corresponding metal chloride, silazane, 
polyglycerylsilicate or other silicate precursor. 

6. A carrier according to any one of claims 1-5 derived by a sol-gel processing 
20 method. 

7. A carrier according to anyone of claims 1-6 wherein the bimolecular interaction 
is bioactive. 

25 8. A carrier according to claim 7 wherein the carrier is bioactive. 

9. A carrier according to claim 7 or 8 pre-treated to contain components found in 
an ammal fluid. 
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10. A carrier according to claim 9 wherein the pre-treatment is by immersion in a 
solution containing components foimd in an animal fluid for a period of up to about 
seven days prior to use. 

5 11. A carrier according to claim 10 wherein the animal fluid is interstitial fluid. 

12. A carrier according to any one of claims 7-1 1 wherein the carrier is synthesized 
under sterile conditions or sterilized subsequent to synthesis using conventional 
sterilization methods. 



13. A carrier according to any one of claims 7-12 wherein the carrier provides 
controlled release of the biologically active biomolecular interaction over time. 

14. A method for preparing a carrier having a biomolecular interaction incorporated 
15 v^thin the carrier comprising: 

(a) reacting a reactant comprising a functionalized metal aikoxide or a 
corresponding or other silicate precursor with water; 

(b) adjusting the pH to a value between 4 and 10 either before or during the 
addition of an aqueous solution containing a biomolecular interaction to provide a 

20 mixture; 



25 15. A method according to claim 14 wherein the reaction occurs alone or as 
mixtures of more than one reactant where the reactant is a silicon, titanium, vanadium or 
cerium-based metal aikoxide, alkylated metal aikoxide or otherwise functionalized 
metal aikoxide. 

30 16. A method according to claim 15 wherein the functionalized metal aikoxide is 
aminopropyl triethoxysilane. 



10 



(c) 
(d) 
(e) 



casting the mixture; 

allowing the mixture to gel and age; and 
partially drying the aged gel. 
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17. A method according to claim 14 wherein the corresponding functionalized metal 
alkoxide is metal chloride, silazane, or polygiycerylsilicate. 

5 18. A method according to any one of claims 14-17 wherein the reacting occurs in 
an acidic or basic aqueous medium. 

19. A method according to any one of claims 14-18 wherein the reactant and water 
are in a molar ratio of from about 1 :1 to about 20:1 water/reactant. 

10 

20. A method according to any one of claims 14-19 wherein the casting of the 
mixture is in a mold, a column, a microtiter well, a spot on a surface by pin spotting, 
Inkjet deposition or screen printing ; or a film on a surface by dipcasting, spin-casting 
or spraying. 

15 

21. A method according to anyone of claims 14-20 wherein the gel and aging is at 
temperatures from about 0**C up to about 40**C. 

22. A method according to anyone of claims 14-21 wherein the partial drying is at 
20 temperatures from about 4° to about 40°C. 

23. A method for the preparation of a carrier having a bioactive bimolecular 
interaction incorporated in the carrier comprising: 

(a) incorporating the bioactive biomolecular interaction in the carrier; 
25 (b) hydrolysis and polycondensation of at least one monomer to provide a 

solid matrix bonding the bioactive biomolecular interaction which is incorporated in the 
carrier; and 

(c) imparting mechanical, chemical and thermal stability in the matrix. 

30 24. A method according to claim 23 wherein the at least one monomer is a 
functionalized or non-functionalized alkoxysilane; fimctionalized or non-functionalized 
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bis-silane; functionalized or non-functionalized chlorosilane; sugar, polymer, polyol or 
amino acid substituted silicate; or additives selected from any available organic 
polymer, polyelectrolyte, sugar (natural or synthetic) or amino acids (natural and non- 
natural). 

5 

25. A method according to claim 24 wherein the monomer is based on titanium, 
vanadium or ceriimi. 

26. A method according to emyone of claims 23-25 wherein mechanical, chemical 
10 and thermal stability is imparted by combination of precursors and additives. 

27. A method according to anyone of claims 23-25 wherein mechanical, chemical 
and thermal stability is imparted by choice of aging and drying methods. 

15 28. A method according to anyone of claims 23-25 wherein mechanical, chemical 
and thermal stability is imparted by combination of precursors and additives, and by 
choice of aging and drying methods. 

29. A method according to any one of claims 23-28 wherein the carrier comprises a 
20 sihca based glass. 

30. A method according to any one of claims 23-29 wherein the carrier comprises a 
silicon, titanium, vanadium or cerium-based metal alkoxide, alkylated metal alkoxide or 
otherwise functionalized metal alkoxide or a corresponding metal chloride, silazane, 

25 polyglycerylsilicate or other silicate precursor. 

31. A method according to any one of claims 23-29 wherein the carrier is derived 
by a sol-gel processing method. 

30 32. A method according to any one of claims 23-3 1 wherein the carrier is bioactive. 
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33. A method of treating an animal comprising administering an effective amount of 
a biologically active biomolecular interaction contained in a carrier such that the animal 
is thereby treated. 

5 34. A method according to claim 33 wherein the treating is by site-specific 
targeting in the animal. 

35. A method according to claim 33 or 34 wherein the effective amount of a 
biologically active biomolecular interaction is a chemotherapeutic for treating cancer. 

10 

36. A method according to anyone of claims wherein the carrier is a carrier 
according to claim 7 or 8. 

37. A method for screening a compound to determine the degree of inhibition or 
15 binding of a biomolecular interaction by the compound comprising contacting the 

compound to be tested with the molecules of a biomolecular interaction wherein the 
molecules are incorporated within a carrier and they are capable of forming a 
biomolecular interaction in the carrier, and wherein inhibition of the formation of the 
biomolecular interaction or binding by the compound causes a change in the amoimt of 
20 a detectable signal produced by the molecules of the interaction of by one or more 
labels at or near the site of interaction of the molecules. 

38. A method according to claim 37 wherein the biomolecular interaction is 
incorporated within a matrix of the carrier. 

25 

39. A method according to claim 37 or 38 wherein the carrier comprises a silica 
based glass. 

40. A method according to any one of claims 37-39 wherein the carrier is prepared 
30 from a silicon, titanium, vanadiimi or cerium-based metal alkoxide, alkylated metal 
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alkoxide or otherwise functionalized metal alkoxide or a corresponding metal chloride, 
silazane, polyglycerylsilicate or other silicate precursor . 

41. A method according to any one of claims 37-40 wherein the carrier is derived 
by a sol-gel processing method. 

42. A method according to anyone of claims 37-41 wherein the bimolecular 
interaction is bioactive. 

43. A method according to anyone of claims 37-42 wherein the carrier is bioactive. 

44. A method of high through put screening for a substance which inhibits or binds 
a bimolecular interaction, comprising the steps of: 

(a) incorporating a bimolecular interaction within a carrier; 

(b) forming an array of sol-gel derived spots on a support wherein each spot 
contains a bimolecular interaction; 

(c) measuring a original signal from the bimolecular interaction in the 
absence of any other substances; 

(d) reversibly disrupting the bimolecular interaction such that the signal is 
detectably altered; 

(e) adding the substance to the bimolecular interaction in the carrier, and 
reversing the disruption; and 

(f) measuring the signal; 

where the original signal is not recovered, the substance is determined to bind or inhibit 
the bimolecular interaction. 

45. A method according to claim 44 wherein the signal is excited by a He-Cd laser 
through an optical fiber or by a nitrogen laser through a bifurcated optical fiber. 

46. A method according to claim 45 wherein the signal is detected through the same 
fiber. 
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47. A method according to claim 46 wherein the signal is detected in a time-gated 
or time resolved mode. 

48., A method of detecting signals generated by an array according to any one of 
claims 44-47 wherein the signal is excited by a laser, lamp or light emitting diode, 
either directly or through an optical fiber, and fluorescence is detected using a CCD 
camera. 

49. A method of normal or frontal affinity chromatography for pre -screening a 
substance for binding or inhibiting a bimolecular interaction comprising: 

incorporating a biomolecular interaction or individual protein partners within a 

carrier; 

placing said carrier in a column; 
adding a denaturant; 

passing said substance including an indicator ligand through the column in 
conjimction with removal of the denaturant; and 

determination of retention behaviour by fluorescence or mass spectrometry . 
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FIGURE 1 
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FIGURES 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7A-B 
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FIGURE 8A-B 
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FIGURE 9 
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FIGURE 10A-B 
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FIGURE 11 
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FIGURE 12 
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FIGURE 13 
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FIGURE 14 
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FIGURE 15 
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FIGURE 16 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 



Fluorescence Spectra of SAP and Phosphorylated 

SLAM Peptide 
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FIGURE 20 
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FIGURE 22 
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